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Introduction 


Matters at court devour my time & energies, as always. His Majesty be¬ 
comes daily more capricious. At times he will forget my name, and look 
at me with that frown, which all who know him so well, as if he does not 
recognize me at all; then suddenly will come an urgent summons, and I 
must scamper up to the palace with my star charts & astrological tables. 

For he puts much innocent faith in this starry scrying, which, as you know 
well, / consider a dingy business. He demands written reports upon vari¬ 
ous matters, such as for instance the nativity of the Emperor Augustus and 
of Mohammed, and the fate which is to be expected for the Turkish Em¬ 
pire, and, of course, that which so exercises everyone at court these days, 
the Hungarian question: his brother Matthias grows ever more brazen in 
his pursuit of power. 

- John Banville, Kepler. 

In the lands situated in the heart of Europe, swept by the conflicts of the early 
twentieth century - just as they were three centuries before, at the time of Kepler 
- began the life of John von Neumann, a figure who perhaps more than any other is 
representative of twentieth century science. Von Neumann was a brilliant scientist, the 
author of fundamental contributions to mathematics and theoretical physics, and he 
played a vital role in the extraordinary display of power of twentieth-century science, 
as expressed by the development of computers, automation, space travel, and the use 
of atomic energy. 

In fact, the triumphs of science - and also its miseries - which so deeply mark 
our era, are actually the outcome of a long historical process that begins symboli¬ 
cally with the work of Galileo. After the Scientific Revolution, the role of natural 
philosophy in modern society thinking and life became increasingly important. Even 
when this role was expressed in essentially theoretical and intellectual forms - that 
is, without any visible practical fall-out on everyday life - scientific breakthroughs, 
and above all the best-known of them all, Newton’s mechanics and his theory of uni¬ 
versal gravitation, formed the most solid basis for faith in progress, typical of the 
Enlightenment period and later of the whole of modern thought. 1 


1) On the principle of omnipotence characterizing modern scientific thought, see Israel 2001. 
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The links between von Neumann’s own epoch and the distant age of the birth 
of modern science are closer than they might seem. In the first place - despite the 
emergence of relativistic and even sceptical views because science has continued 
to draw inspiration from the ideal of achieving a unitary, coherent, objective and uni¬ 
versal image of the world. And secondly because, except for a few important differ¬ 
ences, Kepler’s description of the servitude and difficulties of his life as a “scientist” 
also evokes the delicate role that befell the so-called “experts” or scientific advisors 
after World War II. Kepler was appointed imperial mathematician to the court of 
Kaiser Rudolph II in 1601: in view of his knowledge of astrology, his main task was 
to advise the emperor on the management of a wide range of personal and political 
matters, and to deliver his prophecies in the form of “written reports”. Von Neumann, 
although born in Budapest, in Hungary - that European frontier land between East 
and West on which the concerns of Rudolph II were focused - rose to the highest rank 
possible for a scientist at the service of the United States government. The dramatic 
upheavals that began to shake Europe in the 1930s led him, like many other scientists, 
to move to the United States, where he became a member of the select and exclusive 
Atomic Energy Commission. And it may well be said that several of von Neumann’s 
writings prompted by his government service could well be considered prophecies 
concerning the times in which we live. 

But here the analogies cease and differences arise. Indeed, the growing role of 
science in society and the increasing interweaving of science and technical knowl¬ 
edge which, towards the end of the nineteenth century, culminated in the burgeoning 
of technology, allowed less scope for the figure of the scientific scholar serving as an 
advisor at the mercy of the “king’s” whims. The Age of Enlightenment had put for¬ 
ward the idea that the government of society must be founded on scientific bases, and 
indeed it is the scientific elite itself who should lead society in accordance with these 
principles. The Ideologues school led by the mathematician Condorcet 2 dreamed of 
discovering and applying the mathematical laws that would rationally and justly reg¬ 
ulate the making of decisions in courtrooms, in assemblies, and in elections, or else 
would be used to govern the economy. 3 This highly ambitious project came to nought: 
significatively enough, Napoleon opposed the rights of human subjectivity and his¬ 
tory to the Enlightenment’s claim to base the government of society on the principles 
of pure rationality. 4 Nevertheless, the seeds had been sown of a dialectics that is still 


2) On these topics see Moravia 1974, 1986. 

3) Condorcet was the author of a program aimed at the establishment of a “social mathematics”, that is, 
a mathematics suitable for treating all the problems involved in managing society and the economy. 
In this connection, see Baker 1975, Israel 1993a, 1996b. 

4) In a speech delivered to the Council of State on 20 December 1812, Napoleon Bonaparte, in the 
following terms, attacked the movement of the Ideologues and its claim to construct a science of 
society: «It is ideology, this shady metaphysics that, subtly seeking the prime causes, sets out to 
establish on these bases the legislation of peoples, instead of appropriating laws to the knowledge 
of the human heart and lessons of history, that must be blamed for all the misfortunes that have 
befallen our fair France. [...] When one is called upon to regenerate a state, it is necessary to follow 
constantly opposing principles. History paints the human heart: it is in history that one must seek 
the advantages and disadvantages of the different legislations.* (N. Bonaparte, Correspondance, 32 
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being discussed and is still unresolved. And it was on the basis of the highly devel¬ 
oped prestige and role of science that a multi-faceted genius, with an extraordinary 
capacity for navigating not only the paths of science but also those of government, 
was given the chance to succeed, albeit in isolation, where the followers of Enlight¬ 
enment had failed. Von Neumann was not only a respected government advisor but, 
acting in this capacity, he succeeded in communicating and even putting into prac¬ 
tice his idea that the governance of worldly matters must be guided by a universal 
logic within which each individual must move in accordance with a rational strat¬ 
egy directed to achieve the best result, taking into account the fact that also the other 
individuals are pursuing the same aim. 

The life and scientific activity of von Neumann may be divided into two main 
periods, the time before and the time after his move to the United States. These two 
periods correspond to widely differing scientific interests. The European period is 
characterized by fundamental contributions to the great scientific issues of the early 
twentieth century, and will be dealt with in the chapters 1 and 2 of the book. The 
American period instead reflects the more usual and consolidated image of this sci¬ 
entist: it is no coincidence that the Hungarian emigre scientist is generally referred 
to by the Anglicized version of his first name, John (or Johnny). In this period sci¬ 
ence attained a far-reaching influence, not only in philosophy and culture, but also in 
the social and economic fields, and even in politics. This was the period that saw the 
birth of “big science”, that is, scientific practice based on large-scale research projects 
linked to technological development and carried out by very large groups of special¬ 
ists working in different fields, in large research centres provided with highly complex 
equipment and infrastructures and receiving very substantial funding. Chapters 4 and 
5 are devoted to the contributions made by von Neumann to this line of development. 
Chapter 3 aims at outlining his overall scientific outlook, which in our view was con¬ 
solidated already in the early years after his move to the United States. We will then 
follow the unfolding and development of this scientific outlook in the widely differing 
fields in which he was active: digital computers, the theory of automata, meteorology, 
game theory, and many other aspects of mathematical modelling. 

Von Neumann died suddenly in 1957, aged only 54, as a result of a bone cancer 
that rapidly laid him low. Several important projects, such as his theory of automata, 
conceived at the height of his extraordinary scientific career, thus did not get off the 
ground. And yet, to view his life from a vantage point that is now becoming increas¬ 
ingly remote from the end of the Cold War affords an overview of twentieth century 
science. This book sets out to illustrate this vast and complex historical panorama 
without overstepping the inevitable bounds imposed by the need for a measured and 
non-specialist treatment. 5 


voll., Paris, 1858-69, vol. 24, n. 19390: 398-399). It is instructive to compare this passage with 
the claim made by Francois Quesnay, the founder of the physiocratic movement and one of the 
fathers of the scientific conception of economics: «Let us not seek lessons in the history of nations 
or human dismay, which portrays to us only an abyss of disorder® (Quesnay 1767). 

5) An overview of sources and scholarship regarding von Neumann is provided before the bibliograph¬ 
ical references at the end of the book. 
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No special knowledge is required, though some extremely difficult scientific 
concepts are discussed. To give a simple and at the same time exhaustive treatment 
of these issues would have required a book three times as large. In a few places, 
we opted to avoid trying to explain everything exhaustively. In these cases, we have 
tried to convey an “impressionistic” idea of these concepts, so that readers can get a 
general drift of the arguments, and then to guide readers who wish to go deeper into 
these matters to specialist publications that will help them. It is also possible to skip 
some of these passages without missing anything very important. Indeed the main 
aim of the book is not technical but to acquaint as large a reading public as possible 
with the scientific and cultural significance of one of the greatest figures of twentieth 
century science and technology. 



Chapter 1 


Janos Neumann’s Early Years 


1.1 A Jewish family in early twentieth 
century Budapest 

Our hero was born in Budapest on 28 December 1903. Janos Lajos Neumann was 
his name in Hungarian, Jancsi for short. He was the eldest son of Miksa and Margit 
Neumann, members of the large Jewish community resident in the capital. Hungary 
at the time was still part of the Austro-Hungarian Empire, within which it enjoyed 
a substantial political autonomy governed by rules established in 1867, when Franz 
Joseph I was crowned King of Hungary. 

During the second half of the nineteenth century, Hungary enjoyed a period of 
relative peace and industrial development, and had increasingly taken on the appear¬ 
ance of a modem European country, even though its economy continued to be based 
essentially on agriculture. The aristocracy had retained its position as the ruling class 
and governed the country’s destiny from the capital, although its foreign and military 
policy depended on Vienna, the centre of the Empire. The Hungarian establishment 
displayed great dynamism that did not appear to be hindered by the new social ten¬ 
sions caused by the contrast between the backwardness of the peasant world, by the 
formation of an industrial proletariat or by the problems entrained by the coexistence 
of numerous national minorities, mostly of Slav origin (Croats, Romanians, Slovaks, 
Serbs). 

The Jewish minority was relatively large and played quite an important role. 6 
At the beginning of the century, about half the population of Budapest was made up 
of Jewish families. Many of these, initially living off the land in the poorer rural areas, 
later moved to the capital and improved their social position as the country’s economy 
developed. Jancsi’s mother, Margit, came from a well-to-do family: grandfather Jakab 
Kann, although of humble origins, had made his fortune trading in farm implements. 

6) In 1919 almost a million Jews formed 4,5% of Hungary’s population. See McCagg 1972, 1997, 

Rozenblit 2001, Gero 2007. 
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Miksa Neumann was a lawyer who, at the birth of his eldest son, had been employed 
for some time as the director of one of the largest Hungarian banks, the Magyar 
Jelzaloghitel Bank (Hungarian Mortgage Bank). In 1907 his second son, Mihaly, was 
born and in 1911 the third, Miklos. 

As well as being the political centre of Hungary, Budapest, where most of the 
aristocracy resided, was also its cultural centre and reflected both the liveliness and 
the contradictions of an age of rapid economic and social development. The ruling 
class of the time was particularly open and ready to absorb the more enterprising 
and capable. Nevertheless, the educated social sectors were riven by divisions and 
contradictions. In particular, society was split into the “official” sector, which held 
traditional political and social views, and a minority of sympathizers with a constantly 
growing socialist movement, which planned to carry out a profound reform of the 
country. The radical party, composed mainly of physicians, lawyers and businessmen, 
many of whom were of Jewish origin, championed reform and universal suffrage and 
moved closer and closer to the socialists. 7 

The position of the Neumann family, like that of other well-to-do Jewish fami¬ 
lies in the capital, was both extraordinarily promising and unstable. The professional 
career of a Budapest Jew was apparently limited only by his personal capability. And 
yet the difficult situation regarding the country’s equilibrium, the growing political 
weakness of the Empire, and the ever-present risk of new waves of anti-Semitism, 
threatened to perturb this favourable situation at any moment. Miksa Neumann was 
determined to enter the establishment, without, however, renouncing his religion, al¬ 
though the Neumann family did not observe Jewish religious rules. 8 Like other Jew¬ 
ish bankers and industrialists in the capital, in 1913 he procured a noble title granted 
by the emperor Franz Joseph. The family surname thus became Margittai Neumann, 
where “Margittai” stood for “of Margitta”). In the German version of Janos’s sur¬ 
name, the particle “von” was added as the translation of the final “i”, in reference to 
the acquired noble title. 


1.2 A young talent in Hungarian mathematics 
belle epoque 

Janos Neumann received an excellent education and took full advantage of the excit¬ 
ing cultural atmosphere of Budapest at the beginning of the twentieth century. He was 

7) Peter Hanak has described Vienna as “the garden” and Budapest as “the workshop" (Hanak 1998). 
See Jaszi 1929, Horvath 1966, de Ferdinandy 1967, and Gero 1995. 

8) Grandfather Jakab Kann was a strict observer of Jewish religious practices and cultivated Talmudic 
studies. Miksa’s family lived in a non-religious fashion, even exchanging gifts at Christmas time, al¬ 
though they did not fail to observe Jewish feast days. According to Janos’ younger brother, Miklos, 
Jewish festivities were celebrated in the family as “non-denominational family reunions". In the 
United States, Miklos Neumann adopted the name of Nicholas A. Vonneuman and his recollections 
of his brother are contained in Vonneuman 1987. Information from interviews with him and other 
people regarding von Neumann's youth are gathered in Heims 1980, Chapter 2. 
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taught by private tutors until the age of ten and then pursued secondary school studies 
at the Lutheran Gymnasium, one of the best teaching establishments in the capital. 
The school had excellent teachers and permitted differential religious instruction, so 
that Janos was able to study the Hebrew language and literature with a rabbi. At the 
same time, he was given specific private tuition in mathematics. A scholar of excellent 
reputation, Laszlo Ratz, who had played an active role in the organization of modern 
mathematics syllabuses in Hungarian schools (as a member of the 1906 Mathemat¬ 
ics Reform Commission), was professor of mathematics at the Lutheran Gymnasium. 
Ratz informed the family of the extraordinary mathematical ability displayed by the 
young Janos right from the first few months of attendance at the Gymnasium and ad¬ 
vised his father to ensure that the young student received supplementary tuition. He 
saw to it personally that a private tutor was found: to do so he consulted a professor of 
mathematics at Budapest Technical University, Joszef Kurschak, who recommended 
several teachers capable of developing Janos’ enormous talent. 

During the closing decades of the nineteenth century, mathematical studies in 
Hungary underwent spectacular growth at all levels of the educational system. Grow¬ 
ing scope was allocated to mathematics in technical high school syllabuses. The Uni¬ 
versity of Budapest, the Technical University (established in 1871), and the Univer¬ 
sity of Kolozsvar (established in 1872), catered to the growing demand for secondary 
school teachers and engineers. University circles played an important role in mod¬ 
ernizing the country’s mathematical culture: a typical figure was Gyula Konig, pro¬ 
fessor at the Budapest Technical University, whose textbooks and institutional activ¬ 
ities made a strong contribution to the development of Hungarian mathematical re¬ 
search. A national group of mathematicians benefiting from autonomous institutions 
was rapidly forming in those years. 

In this way, Hungary became part of the process of renewal of the scientific 
institutions that had changed the face of European science during the second half of 
the nineteenth century. Previously, the academies had been the main driving force be¬ 
hind scientific activities. From now on, although the academies retained an important 
role, specific scientific disciplines began to acquire an autonomous organization, in 
particular mathematics. One first step in this direction was the founding of periodi¬ 
cals specifically dedicated to mathematics, beginning with pioneering ones like An- 
nciles des mathematiques pures et appliques, founded by the French mathematician 
Joseph Diaz Gergonne in 1810, and Journal fur die reine und angewandte Mathe- 
matik, founded by August Feopold Crelle in 1832. Eater the first mathematical scien¬ 
tific societies were set up: in 1864 the Moscow Mathematical Society and in 1865 the 
Fondon Mathematical Society. Towards the end of the century there was a tendency to 
set up national mathematical societies, each with its own review, such as the Societe 
Mathematique de France (founded in 1873) and the Deutsche-Mathematiker Verei- 
nigung (founded in 1890). These societies gathered together all those in the country 
with an interest in mathematics: university professors, secondary and technical school 
teachers, engineers, and the military. 

At the turn of the century, this model was extended to other countries of less 
prominent mathematical tradition and played a key role in fostering the exchange 
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of scientific information and in the development of original research inside individ¬ 
ual countries. In Hungary, Konig, with other colleagues of the Technical University, 
founded the journal Muegyetemi Lapok, which was short-lived owing to lack of funds 
and subscriptions. However, several other initiatives destined to endure were consol¬ 
idated. In 1885 an association of mathematicians was set up in Budapest by Konig 
and other scholars, including Baron Lorand Eotvos, a distinguished physicist who 
was also Minister of Education in 1894 and 1895. In 1891 an offshoot of this soci¬ 
ety was the Hungarian Mathematical and Physics Society - later known as the Janos 
Bolyai Mathematical Society - which initially counted nearly three hundred mem¬ 
bers. A few months before the constitution of the society the review Mathematikai 
es Physikai Lapok (Journal of mathematics and physics) began publication. How¬ 
ever, the decision to use the Hungarian language was a serious obstacle to commu¬ 
nication with mathematicians in other countries. The Academy of Sciences helped 
overcome this obstacle in 1883 by founding the review Mathematische und Natur- 
wissenschaftliche Berichte aus Ungam, which contributed to disseminating the work 
of Hungarian mathematicians; on the other hand, a large number of the latter had 
begun publishing articles in foreign reviews. 9 

Two initiatives represented a valuable contribution to the process of training 
young Hungarian mathematicians: the foundation in 1894 of the review Kozepisko- 
lai Matematikai Lapok (Mathematical journal for the secondary school) by Daniel 
Arany, who was succeeded three years later by Ratz, Janos Neumann’s mathematics 
teacher; and the organization, the same year, by the Mathematics and Physics Society, 
of a “mathematics competition among pupils” for the Eotvos prize, in honour of the 
Minister of Education. The above-mentioned review proposed exercises and problems 
in elementary mathematics and had the same structure as other European reviews 
circulating widely among teachers and students in their final school years, such as 
Nouvelles Annales des Mathematiques, published in France for candidates sitting for 
the awesome entrance examinations to the Paris Grandes ecoles, such as the Ecole 
Polytechnique and the Ecole Normale. 

Symbolic of the development of mathematics in the country at the turn of the 
century was the institution of the Bolyai prize by the Academy of Sciences - in hon¬ 
our of the famous Hungarian mathematician, Janos Bolyai, one of the inventors of 
non-Euclidean geometry - first awarded to the great French mathematician Henri 
Poincare. Those years marked the beginning of the career of two mathematicians, 
Lipot Fejer and Frigyes Riesz, whose ideas were to lay the cornerstone of Hungar¬ 
ian mathematics research in the first half of the century. Both were Jews (although 
Riesz later converted to Calvinism), which seriously affected their careers. In Hun¬ 
gary at that time, as in Germany and Italy, there were already a large number of Jewish 
mathematicians. Science had never been a main concern in Jewish cultural tradition, 
although as a result of the emancipation and gradual conquest of civil rights in the 
various European countries, a growing number of Jewish intellectuals had access to 

9) An overview of the organization of the national mathematical communities can be found in Grattan- 

Guinness (ed.) 1994; on Hungary see Szenassy 1992 and Hersh. John-Steiner 1993. 
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academic careers and thus developed an interest in scientific disciplines. However, 
it was very difficult for a Central European Jewish intellectual to obtain a univer¬ 
sity chair: the choice of mathematics was partly due, as David Rowe pointed out, 
to the autonomous and ideologically “neutral” nature of mathematics in the realm of 
knowledge (Rowe 1986). The ideal profession for those who had not yet obtained full 
equality of rights and were potential migrants had to be universalistic, international, 
and apolitical: and nothing approached this model more closely than the scientific 
disciplines, in particular mathematics (Israel, Nastasi 1998, Israel 2004d). 

An anecdote related by Reuben Hersh and Vera John-Steiner clearly illustrates 
the rapidity with which Hungarian mathematics developed in relation to the broader 
cultural and social context (Hersh, John-Steiner 1993). In 1905, Poincare went to 
Budapest to receive the Bolyai Prize and was given red carpet treatment, perhaps 
above all because he was a cousin of Raymond Poincare, a French politician who 
later became President of the Republic and was three times Prime Minister under 
the Third Republic. Many ministers and VIPs had come to greet him but Poincare, as 
soon as he got off the train, asked: “Where is Fejer?”. The welcoming committee were 
surprised and asked: “Who is Fejer?” and Poincare promptly retorted: “Fejer is the 
most important Hungarian mathematician, one of the most important mathematicians 
in the world”. One year later, Fejer - who had not yet been given any teaching post - 
was appointed Professor at the University of Kolozsvar, and in 1911 was awarded a 
chair at the University of Budapest. Also Riesz, who had studied at Zurich, Gottingen, 
and Paris, was given a chair at the University of Kolozsvar, which, after Transylvania 
was transferred to Romania in 1920, was moved to the city of Szeged. 

In the early decades of the century, the main core of Hungarian mathematicians 
was divided into two groups: Fejer’s group at the University of Budapest, to which 
Marcel Riesz, Frigyes’ brother, Gyorgy Polya, Otto Szasz, Mihaly Fekete and Gabor 
Szego belonged, and that of the University of Szeged, composed of Riesz, Alfred 
Haar, Bela Kerekjarto and Laszlo Kalmar. Fejer’s main interest lay in classic mathe¬ 
matical analysis. His most significant contribution was contained in his Ph.D. thesis 
and had been summarized in the review “Comptes rendus de T Academie des Sciences 
de Paris”, and in an extended version in Mathematikai es Physikai Lapok (Fejer 1900, 
1902). It consisted of a new generalized method for summing Fourier series. Fourier 
series (introduced in the early nineteenth century by the French mathematician Joseph 
Fourier) are infinite sums of combinations of trigonometric functions, and one fun¬ 
damental theorem of the theory affords the possibility of expressing each function 
satisfying fairly elementary hypotheses as the sum of such a series. This makes it 
possible to conceive of many phenomena as the superposition of a number of elemen¬ 
tary periodic phenomena. The Fourier series found their first important application in 
the theory of heat and soon became a central topic in nineteenth century analysis and 
mathematical physics. Nevertheless the development of Fourier analysis was hindered 
by the difficulty involved in establishing rigorous conditions of convergence (that is, 
the conditions in which the series has a “sum”). Fejer’s work addressed this particular 
aspect and led to a revival of Fourier analysis. Even though Fejer continued later to 
publish valuable contributions, 10 his scientific career was strongly hindered by the 
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vicissitudes of Hungarian politics in the period between the two world wars, and in 
particular by racial persecution of Jews. 

Frigyes Riesz had a more straightforward career. For various reasons he man¬ 
aged to avoid the difficulties of those years, even though he only obtained the Bu¬ 
dapest university chair after the war, because Fejer was already professor in the cap¬ 
ital and there was a law against having another Jewish professor in the country’s 
main university. Together with Haar, Riesz set up a research institute at Szeged, the 
Bolyai Institute, and also founded the review Acta Scientiarum Mathematicarum. He 
wrote numerous articles on the new approach to the problems of mathematical anal¬ 
ysis, which had begun to emerge at the end of the century and made use of tools and 
analogies drawn from other branches of mathematics, in particular algebra and topol¬ 
ogy. The forerunner of this new research approach in the late nineteenth century was 
the Italian mathematician Vito Volterra, the author of fundamental contributions to 
the calculus of variations and the theory of differential and integral equations. How¬ 
ever, Volterra did not give priority to the abstract approach in his research on what he 
had called “functions of lines” theory; his scientific outlook was still that of classical 
analysis, linked to geometry and physics. In the early twentieth century, the abstract 
approach received a huge impulse from the work of David Hilbert at Gottingen and 
Maurice Frechet in Paris. The new methods, which covered a wide range of topics, 
opened up the way to a new branch of mathematics known as “functional analysis” 
of which more will be said later. The group of mathematicians who elaborated on 
Hilbert’s research included Riesz, and the German Erhard Schmidt and Ernst Fischer. 
The former provided a demonstration for an important theorem, now known as the 
Riesz-Fischer theorem, and carried on work on the linear spaces of functions and the 
theory of operators defined on such spaces. 11 

Hungarian mathematics was thus quite open to the new trends emerging in early 
twentieth century mathematics. In addition to classic and functional analysis studies, 
another branch of research undergoing significant development in this country was 
what is usually called today “discrete” mathematics (in opposition to the mathematics 
of the continuum). This branch consists of a complex of mathematical techniques de¬ 
signed to address problems of a “finite” nature, such as classical combinatorial prob¬ 
lems: for example, all possible configurations of a certain type that may be found in 
a finite (or discrete) set are studied and enumerated, together with the operations that 
may be defined on such a set, the correspondences between finite sets, and so on. Re¬ 
search in this field has a longstanding tradition: it was, however, overshadowed from 
the seventeenth century on by the supremacy of Newton’s and Leibniz’ infinitesimal 

10) See, for instance, Fejer 1904. 

11) This was a typical new chapter of functional analysis, which emerged as a development of Hilbert’s 
theory of integral equations (Bernkopf, M. 1966-67). Moreover, also Volterra’s contribution was 
closely linked to the theory of integral equations (Israel 1984, 1991). Schmidt’s work includes ex¬ 
tending the concept of eigen-function to integral equations with non-symmetric nuclei (Schmidt 
1907). In the same year Riesz obtained (Riesz 1907) the well-known theorem today called Riesz- 
Fischer’s theorem. It was actually re-demonstrated the same year by Fischer using the notion of 
median convergence (Fischer 1907a, Fischer 1907b). In a subsequent fundamental work Riesz in¬ 
troduced the concepts of weak convergence and strong convergence (Riesz 1910). 
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calculus, which placed the mathematics of the continuum at the focus of research, 
namely problems having an infinite nature and in particular those in which infinity 
has the property of being “continuous” (which meant, in the rough and ready insights 
characterizing the early phases of the research, without “interruptions” or “gaps”). At 
the beginning of the twentieth century, in relation to the growing influence of the al¬ 
gebraic approach and the development of set theory, discrete mathematics underwent 
a renewal in which an important role was played by Hungarian mathematics. Follow¬ 
ing the path opened by Gyula Konig’s seminal work on set theory, 12 the pioneers in 
this field were Konig’s son, Denes - the author of a fundamental book on the theory 
of finite and infinite graphs, published in German in 1936 (Konig 1936) -, Laszlo 
Kalmar and Gyorgy Polya. 

This brilliant prospect for Hungarian mathematics was clouded by the defeat 
of Austro-Hungary in the Great War, which had a negative effect on the flourishing 
world of Hungarian mathematics, as well as on every other aspect of the country’s 
life. The Bolyai prize, received by Hilbert in 1910, was no longer awarded owing 
to the devaluation of the fund supporting it. Many young mathematicians were left 
jobless and were obliged to give private lessons to make ends meet. This was the 
case of two young mathematicians in Fejer’s group, who were private tutors to Janos 
Neumann, first Gabor Szego then, after the latter left Budapest, Mihaly Fekete. 

This was how von Neumann came into contact with the brilliant mathematical 
tradition of his own country which had such a strong influence on the direction taken 
by his research. His studies together with Fekete were fruitful: even before he had 
completed high school, the two wrote an article in collaboration, in which they gener¬ 
alized one of Fejer’s results on the localization of the roots of Chebyshev’s polynomi¬ 
als, published in 1922 in the journal of the Union of German Mathematicians Jahres- 
bericht der Deutschen Mathematiker-Vereinigung (Fekete, Neumann 1922). Jancsi 
continued his secondary studies, gaining full marks and, in the end, was awarded 
the Eotvos national prize like his illustrious predecessors: Fejer, Haar, Marcel Riesz, 
his tutor Szego, Kalmar, and the physicist Todor Karman (who changed his name to 
Theodore von Karman after migrating to the United States) and Ede Teller (Edward 
Teller). 


1.3 Lights and shadows. The von Neumann generation 

The formative years of the young Jancsi were extremely encouraging. His lively mind, 
which had already set him apart from his peers, was stimulated by brilliant teachers 
who introduced him to a wide range of philosophic and scientific topics. Numerous 
anecdotes are told about the quality of this true “enfant prodige”, his astonishing 
memory, his insatiable thirst for knowledge, his critical mind and his penchant for 
discussion. One of the more vivid ones is told by the physicist Eugene P. Wigner 
(whose original name in Hungarian was Jeno Pal). In an interview he gave to Thomas 

12) For an extensive bibliography on Gyula Konig’s work in this and other fields see Szenassy 1992. 
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Kuhn, now a famous Nobel physics laureate, this is how he remembers his school 
companion Jancsi: 

We often took walks and he told me about mathematics and about set 
theory and this and that. It was amazing. And he loved to talk about math¬ 
ematics - he went on and on and I drank it in. 

He was inexhaustible on such occasions in telling me about set theory, 
number theory, and other mathematical subjects. It was really wonderful. 

He never thought of going home [...] He was phenomenal, also in his 
desire to talk. [.. .] 

Particularly from having known Jancsi von Neumann, I realized what 
the difference was between a first-rate mathematician and someone 
[like me ]. 13 

However, even though the personal qualities of this young man were astonishing, 
there is no doubt that the world he was being formed in was also particularly stimulat¬ 
ing and reflected the dynamic quality of a dizzily expanding, culturally rich and lively, 
society. In the preceding section we saw Hungarian mathematics as a vigorous real¬ 
ity. Therefore, although von Neumann’s training was destined to be moulded mainly 
by input from the Gottingen school of mathematics and its leader David Hilbert, it 
would be an error not to take into account the influence the Hungarian environment 
had on him. The importance of functional analysis and set theory was perceived by 
von Neumann in Hungary even before it was in Germany, and his very marked at¬ 
tention to combinatorial analysis and finite and discrete mathematics were strongly 
rooted in the research of Kalmar and Denes Konig. 

We shall have occasion later to discuss in detail one of his greatest contributions 
to twentieth century science: the foundation of the modern mathematical theory of 
games. And yet in this case also it is clear that his early interest in this topic is linked 
to his Hungarian experience. 14 This link must be considered not only in a strictly 
technical sense but in the broader cultural and conceptual sense. As we shall see, for 
him game theory was to represent a very general form of mathematical analysis of the 
problems of conflict between individuals pursuing contrasting ends. In other words, 
it was no longer to refer only to ordinary parlour games, but to the much wider and 
more “serious” field of social and economic conflict. Von Neumann is unanimously 
considered one of the scientists of the last century who paid most attention to social 
and economic applications and topics, and though the birth of this interest is often 
traced back to his commitment to the field of military applications, which began dur¬ 
ing World War II, this is not enough to account for the special passion he displayed 
for this topic and which is not to be found in many other scientists, for whom military 

13) Interview of Wigner by T.S. Kuhn, Archives for the History of Quantum Physics, American Philo¬ 
sophical Society Library, Philadelphia, Pa., tapes 92b and 93a. See Heims 1980, 42-43. 

14) The cited book by Denes Konig on graph theory (Konig 1936) contains two interesting references 
to von Neumann to which we shall return and which refer also to game theory. 
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and industrial commitments represented a parenthesis after which they returned to 
their pure research studies. 

The interest in socioeconomic theory and technological and industrial prob¬ 
lems openly displayed from the 1940s on was rooted in von Neumann’s conviction 
that they could be subjected to exact scientific treatment - a conviction that can be 
traced back to the cultural climate of Budapest and in particular to the atmosphere 
of enlightened rationalism current in his own family under the influence of Miksa 
Neumann. His father’s economic and social activities brought Janos into contact with 
more worldly matters, the successes and hazards of real life. Miksa Neumann’s home 
was assiduously frequented by colleagues, businessmen, and well-known Budapest 
intellectuals. This is what his brother Nicholas A. Vonneumann - to use the Ameri¬ 
can version of his name - remembers of those years: 

Around the dinner table we listened frequently to my father’s comments 
on his own profession and business activities, as a lawyer and banker en¬ 
gaged in financing, and his underlying theories, namely, financial state¬ 
ment analysis and criteria for credit qualifications; and the practical ap¬ 
plications, namely, selecting investment opportunities or borrowers. This 
usually led to a general discussion of the underlying theories also of other 
professions in relation to their respective practical applications. Father 
also used to discuss the technological aspects which his industrial appli¬ 
cations involved . 15 

This portrays a vivid picture of the typical faith in the scientific and technical ratio¬ 
nality of a social class undergoing and managing an impelling social and economical 
expansion process. However, it would be an error to define this attitude as a kind of 
positivistic optimism. As we will see, throughout his life, von Neumann’s activities 
were based on a practically unbounded confidence in the power of reasoning, and of 
scientific and mathematical reasoning in particular. However, this confidence was ac¬ 
companied by a lack of faith, or scepticism, and not just latent or implicit, regarding 
man’s capacity to follow more reasonable and constructive paths. Faced with the irra¬ 
tional tendency that mankind often displays when it chooses the more disastrous and 
destructive alternatives, scientific discernment and rational determination guiding op¬ 
timal behaviour seemed to be the only way of preventing the potentially detrimental 
effects of this human tendency, or at least of keeping it within realistic limits. Also 
this aspect of his mindset - of which obvious traces may be found in his scientific 
work on social science - has its roots in his Hungarian and European experience. The 
power of scientific and mathematical reasoning in the context of man’s destructive 
behaviours were the light and shadows of his early life. 

Indeed, Jancsi’s childhood was not immune from serious upheavals which left 
their mark on his personality. The year he entered the Lutheran Gymnasium, World 
War I broke out and the subsequent defeat of the Austro-Hungarian empire brought 
a tremendous catastrophe for Hungary in its wake. This florid Central European state 

15) Glimm, Impagliazzo, Singer (eds.) 1990, 20. 
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lost many of its territories and more than three million Hungarians were transferred 
under the sovereignty of three new states - Czechoslovakia, Romania and Yugoslavia. 
Charles IV, the grandson of Emperor Franz Joseph, who had succeeded to the throne 
on the former’s death in 1916, abdicated in October 1918. Shortly before, Count 
Mihaly Karolyi had been nominated prime minister of Hungary, but Karolyi failed 
in his attempt to found a democratic republic with the support of the liberal, radi¬ 
cal and socialist forces and, in early 1919, power passed to the communists of Bela 
Kun. During the five months of the Hungarian Soviet republic the Neumann family 
sought refuge in Austria, between Vienna and Abbazia, on the Adriatic coast. This 
experience profoundly affected the political views of the young Janos and contributed 
to arousing in him a powerful hostility towards communism. It is significant in this 
regard that in 1955 he should acknowledge that 

My opinions have been violently opposed to Marxism ever since I remem¬ 
ber, and quite in particular since I had about a three months taste of it in 
Hungary in 1919 . 16 

Bankers, aristocrats, and conservative military in Vienna and Szeged, with the help 
of the countries of the Entente, prepared a counter-revolutionary movement that, af¬ 
ter the invasion of Hungarian territory by the Romanian army, seized power under 
the leadership of Miklos Horthy. The situation in which the Neumann family found 
itself on their return to Budapest was anything but reassuring because of the pow¬ 
erful waves of repression and anti-semitism that followed the advent of the Horthy 
regime. The participation of many Jewish intellectuals - including Bela Kun himself 
- in revolutionary movements became a pretext for unleashing persecution. Horthy 
introduced a number of anti-semitic measures although, very pragmatically, he pro¬ 
tected Jewish bankers and industrialists who were useful to him in the reconstruction 
of the country, in particular the ennobled elite. In this way, the Neumanns continued 
their everyday life without too many problems. In 1921 Janos passed the rigorous 
tests of loyalty to the regime and was admitted to a course of mathematical studies at 
the University of Budapest, despite severe restrictions placed on the number of Jews 
admitted to the University that had been set by parliament one year previously (5% 
of the total number of students). 

Nevertheless, from that year on, Janos Neumann’s life began to take a different 
course from that of his country. He first embarked upon an intense training phase in 
Germany, attending the University of Budapest only at exam time. In this and other 
aspects, the path followed by him was similar to that of many other Hungarian math¬ 
ematicians and scientists of the time, most of whom were Jews. In an interview with 
Steve J. Heims, the economist William J. Fellner, born in Budapest and who later 
migrated to the United States, claimed that «many traits of von Neumann noted by 
Americans are just those of a good Budapester of his time and his social class; that he 

16) This passage is contained in a hand-corrected draft referring to "Nomination of John von Neu¬ 
mann to be a member of the United States Atomic Energy Commission”, 8 March 1955 (John von 
Neumann papers at the Library of Congress, JNLC, see Aspray 1990, 247). 
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was very much a Budapest type» (Heims 1980, 26-27). Von Neumann’s personality 
was strongly affected by events in this early part of his life - both the political vicis¬ 
situdes and the extraordinary cultural experience of that time. In particular, it is easy 
to understand the significant role played in this context by the struggle for success, 
the ineluctable need to stand out in the professional and social environment, and the 
inclination towards a committed public life - aspects characteristic of his personality 
that also distinguish it from the classical image of the scientist as a “wise man” shut 
up in his study or laboratory and remote from worldly matters. 

Von Neumann himself described the salient features of his own experience and 
that of his generation in the following terms, as reported by his Polish mathematician 
friend Stanislaw M. Ulam: «An external pressure on the whole society of this part of 
Central Europe, a subconscious feeling of extreme insecurity in individuals, and the 
necessity of producing the unusual or facing extinction» (Ulam 1958, 1). This situa¬ 
tion often led to a psychological state that could be described as the constant feeling 
that one was “living out of one’s suitcase” and which encouraged an “international- 
istic” attitude in perfect harmony with the most modem and advanced trends in early 
twentieth century scientific research. These were the characteristics and problems of 
an entire generation of high calibre Hungarian intellectuals who made an exceptional 
contribution to European culture. A generation that included not only the scientists 
we have already mentioned but also physicists like Eugene P. Wigner, Leo Szilard and 
Denes Gabor, as well as the mathematician Abraham Wald, the economist Nicholas 
Kaldor (the Hungarian Finance Minister, who later became a naturalized English¬ 
man), and the already cited Fellner, the sociologists Oszkar Jaszi and Karl Mannheim, 
the philosopher Gyorgy Lukacs,and the writer Arthur Koestler. Some of these were 
politically active in Budapest, while others, like von Neumann, preferred to distance 
themselves from the events taking place in their country. 

The 1920s witnessed the beginning of a gradual wave of migration from Hun¬ 
gary by many mature scientists, as well as many talented young ones desirous of 
completing their studies, all now aware that staying in Budapest would lead to a dead 
end. Their destinations were above all the centres of Germanic culture like Berlin, 
Gottingen, and Zurich. Indeed, for a country like Hungary - tormented by tension 
with the Slavic east represented by the less well educated classes and by the constant 
threat from Russia - the German area culture represented a chance for the country’s 
inclusion in the modern and advanced currents of western Europe. Subsequently, in 
the 1930s, many of these scientists migrated to the United States, first because of 
the difficulty of finding teaching posts in Germany, due to the inflated numbers of 
young researchers, and immediately afterwards because of the rise of Hitler’s na¬ 
tional socialism. For example, von Karman moved to Gottingen, then to Aachen, and 
ultimately to CalTech (California Institute of Technology). Marcel Riesz obtained a 
post as professor at Lund (Sweden), where he set up an important school of mathe¬ 
matics. Polya went to Zurich, before settling in Stanford, in the United States. Fekete 
migrated to Israel. Gabor moved to the UK. Many others among von Neumann’s 
peers, such as Teller, Wigner, Szilard and Paul Halmos, settled like him in the United 
States, forming a group of “illustrious immigrants” - to use an expression coined by 




12 


Chapter 1. Janos Neumann’s Early Years 


Laura Fermi, the wife of the Italian physicist Enrico Fermi - who remained in touch 
with each other throughout their lives and to which social and human scientists also 
belonged. 

Further on we shall examine von Neumann’s activities in the framework of the 
US military programmes. Here we shall only mention in passing this much debated 
aspect of his work and of his politics, since it is closely related to events of his early 
life. His daughter Marina, in open quarrel with those who criticized her father’s bel¬ 
ligerence, asserted that: 

One purportedly serious evaluation, for example, combined pop sociology 
and Marxist ideology to conclude that von Neumann was driven by a de¬ 
sire for power and a fascination with being close to the rich and powerful. 

[...] 

But I believe that his wide-ranging activities, including his worldly in¬ 
volvements as well as his strictly intellectual pursuits, were motivated by 
two profound convictions. The first was the overriding responsibility that 
each of us has to make full use of whatever intellectual capabilities we 
were endowed with. He had the scientist’s passion for learning and dis¬ 
covery for its own sake and the genius’s ego-driven concern for the sig¬ 
nificance and durability of his own contributions. And the second was the 
critical importance of an environment of political freedom for the pursuit 
of the first, and for the welfare of mankind in general . 17 

Many promising young Hungarians had already left the country when the political 
situation took a decided turn for the worse. In 1932 Gyula Gombos, a declared fascist 
and anti-semite, was nominated prime minister and from that time on life became in¬ 
creasingly precarious. When the Germans entered Hungary in 1944, a collaborationist 
regime was set up and the Hungarian Jews were deported en masse. Fejer was never 
to recover from the trauma of those years. The banner of Hungarian mathematics 
after the war was passed on to Riesz, who became professor at the University of Bu¬ 
dapest, and to the few others who remained. The onset of World War II extinguished 
the carefree and bright life of Budapest, so full of new experiences and intellectual 
adventures, offering in exchange only persecution and death. The sad destiny of von 
Neumann’s generation is aptly summed up by Koestler in his book of memoirs pub¬ 
lished in 1952, Arrow in the Blue: 

At a conservative estimate, three out of every four people I knew before 
I was thirty were subsequently killed in Spain or hounded to death at 
Dachau, or gassed at Belsen, or deported to Russia; some jumped from 
windows in Vienna or Budapest; others were wrecked by the misery and 
aimlessness of permanent exile. (Koestler 1952, 99) 


17) Glimm, Impagliazzo, Singer (eds.) 1990. 1-2. Note in this connection that von Neumann, in the 
already cited 1955 reference (see note 16) asserted: «I was probably a good deal more militaristic 
than most». 
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1.4 Student years in Germany 

The influence of German mathematics, which was enjoying an unprecedented explo¬ 
sion of creativity, on the scientific personality of von Neumann was added to that 
of Hungarian mathematics. The flourishing of German mathematics and science was 
part of the rich cultural life characterizing the period of the Weimar Republic. Be¬ 
tween 1921 and 1923 von Neumann attended several courses at the University of 
Berlin, the most famous university in Germany at the time; he attended chemistry 
lectures by Fritz Haber, statistical mechanics by Albert Einstein and he made the ac¬ 
quaintance of the mathematician Erhard Schmidt. Between 1923 and 1925 he studied 
chemical engineering at the Zurich Polytechnic, at that time one of the most pres¬ 
tigious higher technical teaching institutions in Europe. However, he did so only to 
satisfy his father who was pushing him towards studies that offered practical out¬ 
lets, though his main interest now lay in mathematical research. Yet he profited from 
his stay in Zurich by making contact with the distinguished German mathematician 
Hermann Weyl and with his fellow countryman Polya. 

The Hungarian scholars, although plunged into a German speaking cultural en¬ 
vironment, nevertheless continued to maintain contacts among themselves. However, 
continuously widening horizons opened up to von Neumann’s interests. He spent the 
years of his general and scientific education among Budapest, Vienna, and Berlin. 
The numerous discussion centres that grew up in that stimulating period encouraged 
him to engage in wide-ranging intellectual pursuits. A large part of his involvement in 
not strictly mathematical topics dates back to this period: interest in technology and 
engineering (stimulated by his chemical engineering studies), in economic theory (as 
attested by Kaldor), in parlor games. As E. Roy Weintraub suggests (1985, 74), ap¬ 
plied mathematics was the main topic of discussion in an informal club organized 
by his fellow countryman Szilard in Berlin, which was attended also by Gabor and 
Wigner. 

Another extremely stimulating atmosphere was Karl Menger’s Mathematisches 
Kolloquium in Vienna - attended also by Kurt Godel - whose activities were fol¬ 
lowed by von Neumann and whose sessions he participated in at least once in the 
1930s, with a seminar on his mathematical economics research. A fundamental point 
of reference at this time was the Vienna Circle, which grew up in 1925 around the 
seminar of the physicist Moritz Schlick, who held the chair of Philosophy of Induc¬ 
tive Science that had previously been held by Ernst Mach and Ludwig Boltzmann. 
The Circle , in which Otto Neurath, Hans Hahn and Rudolf Carnap - a disciple of the 
logician Gottlob Frege - participated actively, met periodically to discuss the philo¬ 
sophical consequences of aspects of the history of science and logic, especially the 
work of Mach, Poincare and Pierre Duhem and later of Ludwig Wittgenstein’s Trac- 
tatus logico-philosophicus, which more than any other work served as inspiration for 
the group. Von Neumann participated directly in the discussions promoted by the 
Vienna Circle on the foundations of mathematics. 

The issue of the so-called “crisis in the foundations” in which mathematics 
found itself at the time after the discovery of logical paradoxes in Georg Cantor’s 
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set theory, represented one of von Neumann’s main intellectual concerns in those 
years. These problems had already been introduced into the Hungarian environment 
by Gyula Konig who, in the last years of his life, dedicated a book to “the new founda¬ 
tions of logic, arithmetic and set theory”, published posthumously (Konig 1914). Von 
Neumann’s first work on these topics related to the introduction of Cantor’s transfinite 
numbers and was published in the first volume of Szeged’s journal Acta Scientiarum 
Mathematicarum (Neumann 1923). During the same period, Schmidt sent a lengthy 
manuscript written by von Neumann entitled Eine Axiomatisierung der Mengenlehre 
(The axiomatization of set theory) to Abraham A. Fraenkel, a professor at Marburg 
University who had made a relevant contribution to these topics by perfecting, in a 
series of contributions published from 1921 on, the results obtained by Ernst Zermelo 
in a 1908 work. 18 Schmidt asked Fraenkel for an opinion on von Neumann’s article 
which he found “incomprehensible”. Fraenkel invited von Neumann to pay him a visit 
to discuss the work and to prepare another version of it in which the problem and the 
proposed new approach were couched in less technical and more informal language. 
The paper was published in 1925 in the Journal fiir Mathematik, of which Fraenkel 
was co-editor (Neumann (von) 1925). The expanded version of this research formed 
the substance of von Neumann’s Ph. D. thesis entitled Az altalanos nalmazelmelet 
axiomatikus foleptises, which was presented in September 1925 at the University of 
Budapest, under the supervision of Fejer, and then published three years later in Ger¬ 
man in the journal Mathematische Zeitschrift (Neumann (von) 1928a). 

Again in 1925, he had not completely abandoned his work in classic analysis: 
one of the few papers published by von Neumann in Hungarian (in the journal Mathe- 
matikai es Physikai Lapok) dealt with uniformly dense number sequences (Neumann 
1925b). But his main concerns were now diverging from those of Fejer’s school; in 
addition to his work on the foundations of mathematics, in Berlin Schmidt had in¬ 
troduced him to modem research into linear functional analysis both a la Hilbert and 
following Riesz’s line of research, to which Weyl had made major contributions. We 
have already said that the radical novelty of this approach consisted in the use of 
abstract algebraic and topological techniques. Moreover, von Neumann’s interest in 
algebraic questions is demonstrated in a paper he published in Szeged’s journal con¬ 
cerning Heinz Priifer’s theory of ideal numbers (Neumann 1926). The idea behind 
this paper, as he acknowledges in the text (which was something exceptional, as this 
type of reference is found elsewhere only in several of his youthful publications), had 
been suggested to him by Jozsef Kurschak, professor of mathematics at the Budapest 
Technical University. 

In the summer and autumn of 1925, on Schmidt’s advice, he visited Gottingen 
for the first time, where he met the great Hilbert. Hilbert was a perfect interlocutor 
for discussions about mathematical logic, axiomatics and set theory and, in the years 
that followed, his teachings inspired von Neumann in his main lines of research. At 
Gottingen, a meeting point for scientists from all over the world, the young Hungarian 
scholar encountered several of the most famous mathematicians and physicists of the 

18) Zermelo 1908; see also Chapter 2. 
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time, including the Americans Norbert Wiener and Robert Oppenheimer. During the 
academic year 1926-27, with the support of Hilbert and Richard Courant, he was 
awarded a scholarship by the Rockefeller Foundation to study the foundations of 
mathematics at Gottingen, and in 1927 he was created Privatdozent at the University 
of Berlin. Although he lectured at Berlin and in 1929 at Hamburg, the main focus of 
his research was still at Gottingen. 

The first steps in this career were certainly made possible by the economic sup¬ 
port received from his family. Prospects were not rosy for a young man yearning for 
an academic career in Germany: after earning a Ph.D. and a period of study spent at 
other universities, it was necessary to present a memoir, the Habilitationsschrift, in 
order to obtain the Venia legendi, that is to be able to hold courses as a Privatdozent. 
However, the Privatdozenten were not paid and had to support themselves out of the 
small fees paid by the students. Many distinguished German scholars were stuck in 
this position for a long time before succeeding in making the much desired leap to 
the status of Lecturer, and above all Professor, which represented one of the highest 
ranks in the country’s social ladder. 

At the end of the 1920s, in Germany, competition for professorships was tierce. 
It was certainly also for this reason that, at the end of 1929, he accepted the post 
of guest professor in mathematical physics at Princeton University offered to him 
by Oswald Veblen, one of the more distinguished members of the US mathematical 
community. Von Neumann was now 26 years old; his father had died recently and 
responsibility for the family had fallen upon his shoulders. Before leaving for Prince¬ 
ton he married Mariette Kovesi, a Hungarian Catholic, the daughter of a Budapest 
physician, who was a friend of the family. On this occasion von Neumann converted 
to Catholicism. 19 This marriage lasted seven years, ending in divorce in 1937. His 
only daughter, Marina, was born in the United States in 1935. 

Between 1930 and 1933 he divided his time between the University of Berlin 
and his new American post. In January 1930 he was offered tenure at Princeton Uni¬ 
versity, but he did not accept it and became instead Jones professor of mathematical 
physics, on a one semester per year basis for five years. 20 However, the situation 
in Germany was deteriorating rapidly: in January 1933 Adolf Hitler was nominated 
Chancellor of the Reich and, in the months that followed, there was a dramatic in¬ 
crease in antisemitic demonstrations. At the end of March that year, Einstein handed 
in his resignation to the Prussian Academy of Sciences and in April there was a wave 
of dismissals and resignations of university professors, which rapidly put an end to 
the brilliant Gottingen experience. In January, Einstein and Weyl accepted the invi¬ 
tation to take up a post of professor at the recently established Institute of Advanced 
Study at Princeton; after Weyl’s retirement, the position was taken by von Neumann, 
who enjoyed Veblen’s support and was now a very well-known mathematician. 


19) According to the account of his brother Nicholas, in this circumstance the whole family converted 
to Catholicism «for the sake of convenience, not conviction» (Vonneuman 1987). 

20) Letter to Rudolf Ortvay, April 17. 1934. in Redei (ed.) 2005, 193. 
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In the tormented years leading up to World War II, von Neumann continued to 
travel to Europe every summer, visiting Italy, France, England, and Hungary, where 
his family still lived, before finally deciding to join him permanently in the United 
States. In his letters to Veblen written from Budapest in the years 1933-1935 (with the 
signature John) and to Rudolf Ortvay from Princeton in 1938-39 (with the signature 
Jancsi) he expressed a deep involvement in world affairs and especially in the future 
of Hungary. As to his native country, he considered that the imminent war would be 
a catastrophe for all state-forming nations of Europe; and wrote: «Really, I can only 
hope that southeastern Europe will be left out of this, partly because the possibilities 
there are very confused, partly because one always hopes for “miracles”». 21 At the 
same time, a mix of excitement and admiration for the United States emerged, as far 
as he considered that a war was inevitable and he tried to concentrate on the future of 
European culture. In fact, he established a parallel between the fate of the industrial- 
scientific modern civilisation and that of the ancient Greek civilization, as he wrote 
to Ortvay: 

l can only partially accept your views on what Europe’s decline would 
mean for the World. 

1 too think that it would mean a gigantic cultural minus (actually we may 
speak of this already in the present indicative tense), and the U.S.A: could 
not completely substitute for it. 

But I think that the Greco-Roman analogy of the ancients is valid in this 
regard. Of course by Rome's “transplantation ” of Greek culture much fine 
detail got lost, indeed important elements too. Yet this way the ancient 
civilization still could continue to exist essentially intact for at least 300 
more years, and in many modified forms even far beyond. 

Judging the European Hellenes it must not be forgotten also that most of 
them are Thracians, Macedonians and Persians... Hence by strict Greek 
standards barbarians. 22 

In the context of the European and German catastrophe, von Neumann broke with 
German culture and German mathematics, as it is clear from his letter of resignation 
from his membership from the Deutsche Mathematiker-Vereiningung addressed to its 
president Wilhelm Blaschke on January 25, 1935: 

Although not a German, I am very much indebted to German science and 
especially to many representatives of mathematics and physics in every 
part of Germany. I had received my scientific education in the German 
speaking part of the World and have spent part of my scientific career 
in German universities - a part, which remains for me unforgettable for 


21) Letter to Rudolf Ortvay, February 26, 1939. in Redei (ed.) 2005, 200. 

22) Letter to Rudolf Ortvay, February 26, 1939, in Redei (ed.) 2005, 200. 
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ever. / take special pride in having been active also in the University of 
Hamburg. 

Nevertheless I cannot reconcile it with may conscience to remain a mem¬ 
ber of the German Mathematical Society any longer, after another inter¬ 
national member, Mr. H. Bohr, was condemned by the 1934 Assembly for 
having made a political statement abroad, the resolution was made pub¬ 
lic, and Mr. H. Bohr has drawn the consequences on this part. 

Therefore 1 must ask you to have my name deleted from the membership 
list. It is my hope that my paths and those of the D.M. V., whose true inter¬ 
ests / still believe to be serving, are not separating for ever ? 3 

After the war he cultivated his European contacts and kept up correspondence in Hun¬ 
garian with several distinguished researchers in his native country; from the 1940s on 
his scientific activity was concentrated on the United States. An anecdote recalled 
by von Neumann’s daughter Marina illustrates well the tight ties that his father con¬ 
served to his European training and career. In early 1956 Marina brought her fiance 
Robert Whitman home to Princeton to meet her father. Von Neumann wanted to show 
his future son-in-law the computer that was one of his main scientific projects after 
the war; outside the door of the Electronic building project von Neumann tried to find 
the key: «He went through all his keys. He said, “Here’s my house keys, here’s the 
key to the Swiss Institute of Technology from 1929, here’s this one and that one”». 
The bunch of keys in his pocket was a symbolic link between his American life and 
enterprises and the unforgettable years of his European training and career, which 
proved so important in determining his scientific trajectory. 

This was a period of constant coming and going between Budapest, Gottingen, 
Berlin, Hamburg and Princeton, although the key to understanding von Neumann’s 
research in this particular phase is Gottingen and the genius behind the group of 
mathematicians working at this small university - David Hilbert. 


23) Letter to Wilhelm Blaschke, January 28, 1935, in Redei (ed.) 2005, 70. 

24) Interview by Mike Brewster, Business Week, April 8, 2004 ("The great innovator: John von Neu¬ 
mann: MANIAC’S father”). 



Chapter 2 

Yon Neumann and the 
Mathematics of Gottingen 

2.1 The Gottingen mathematicians 

When von Neumann visited Gottingen for the first time, in this small university there 
was a remarkable, lively nucleus of mathematical research, whose ambitious cultural 
vision had spread well beyond that of the traditional centre of German mathematics, 
the University of Berlin. The organization of this nucleus was the result of the per¬ 
sonal initiative of the great mathematician Felix Klein, who had obtained the chair at 
Gottingen in 1885. Gottingen’s mathematical tradition retained at length the orienta¬ 
tion given by Klein, although, starting in 1895, it was increasingly subjected to the in¬ 
fluence of the different approach introduced by David Hilbert. 25 Klein had displayed 
a deep interest in physics and in the applications of mathematics from the outset, and 
had collaborated with the mathematicians Julius Pliicker and Alfred Clebsch, who, 
during the second half of the nineteenth century, had represented the opposition to 
the “purist” tendencies of the Berlin school of mathematics. The “purist” geometry 
schools - which had sprung up during the century in several European countries, in 
Germany, France and Italy in particular, - were opposed to studying geometry by the 
analytical method of Cartesian origin, that is, based on the systematic use of algebra 
and analysis to represent and study geometric properties. In their view, the theorems, 
starting from the properties of the geometric entities under investigation, had to be 
obtained through “synthetic” arguments that were “purely” internal to the geometric 
discourse, that is, without the help of algebraic calculus. The conflict between the 
“purist” tendency and the “analytical” approach became very bitter. One example is 
the case of Pliicker, who had become well known for his analytical study of projective 
geometry using “homogeneous” coordinates, a generalization of the Cartesian coor- 


25) On these topics see Rowe 1989, Rowe 1986. 
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dinates designed to study projective space but gave up geometric research in favour 
of physics after heated discussions with the Berlin mathematician Jakob Steiner, who 
championed the cause of the synthetic study of geometry which he considered as 
the only admissible research approach in the geometric held. This he did in such an 
exclusive and radical way as to convince Plucker to make a change of tack. Georg 
Cantor - as a result of the controversy with Leopold Kronecker, one of the greatest 
Berlin mathematicians - was another illustrious victim of the arrogance and ideolog¬ 
ical preconceptions of the Berlin school of mathematics, and paid the consequences 
with his academic career. Indeed “purism”, at the outset, represented a very fertile 
period for mathematics research, in which «all you had to do was to open your hand 
to gather an abundant harvest of discoveries», 26 although it ultimately had negative 
effects as, by tending to provide a specihc and isolated definition of the methods it 
considered characteristic of each single branch of mathematics, it ended up by isolat¬ 
ing them from one another and hindering the fertile interactions that might have taken 
place among them. 

After the deaths of Plucker and Clebsch, Klein became the point of reference 
for a large number of German mathematicians who did not intend to adhere to any 
exclusivistic research approaches, leaving a trace of his influence in all the centres in 
which he taught. Towards the mid-1890s, Klein’s ideas crystallized into a project to 
set up at the University of Gottingen a group of mathematicians capable of reviving 
the tradition of this centre, at which eminent mathematicians like Gauss and Riemann 
had taught. Indeed, starting in the 1880s, Klein - after an exhausting “competition” 
with Poincare on the topic of automorphous functions - gave up front line research 
and dedicated himself to the role of research organizer. The main underlying idea 
was identified as the centrality of the relationship between mathematics and physics 
and of the geometric approach for the study of all kinds of problems. Klein’s main 
intention was to allow interaction among the various approaches and above all to in¬ 
volve high calibre researchers regardless of their topic and their method of research. 
One comparatively important aspect of his project was the development of an aggres¬ 
sive policy of increasing the number of mathematics chairs. In this he was aided by 
Friedrich Althoff, an official who exerted control over higher education in Prussia 
between 1882 and 1907. 

Klein cleverly and pragmatically sidestepped the opposition to the presence of 
Jewish mathematicians in German university departments. Racial prejudice in Ger¬ 
many had taken a special form in the field of mathematics: the idea was spread about 
of the existence of a “Jewish style” characterized by a tendency towards abstrac¬ 
tion, which was in contrast with the more intuitive and algorithmic German-Aryan 
style. Klein himself held somewhat contradictory views in this regard. On the one 
hand, he was anguished by the conflict that, in his opinion, was emerging between 

26) Enriques 1920. 3. This article by the eminent Italian geometrician Federigo Enriques contains a 
brilliant description of the merits and excesses of the "purist” point of view. He was to refer to the 
witty remark made by a colleague according to which, in this first phase of impetuous development, 
geometry had become so popular that «it was enough to sow a bean seed to see a geometrician 
sprout» (Ibidem). 
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the Germanic mindset - concrete and naturalistic - and the rise of a new way of 
doing science that he believed to be inspired by forms of abstraction that he consid¬ 
ered typical of the Jewish mentality. He loathed everything in science that smacked 
of “Jewish”, “French” and “axiomatic” and considered the Jewish presence in sci¬ 
ence as a phenomenon of “national infiltration”. He promoted seminars, which were 
debatable to say the least, in which specific racial characteristics of the way Jews 
reasoned in mathematics were theorized. 27 On the other hand, he accompanied these 
views with some peculiar political ideas according to which German mathematics 
had been going through a stage of stagnation, and the entry of the Jewish component 
had brought “new mathematical talents” that “had born fruit”. This process, which 
he called “bringing fresh blood” (Bluterneuerung), would allow the introduction of 
new abstract ideas to which the Jews would be particularly sensitive and which would 
further reinvigorate German mathematics. Nazi propaganda and the mathematicians 
of Hitler’s regime later gave an extreme and one-sided interpretation of Klein’s ideas; 
they singled out the racial aspects that were certainly contained in them, ignoring the 
fact that Klein had in any case turned Gottingen into a place where Jewish scientists 
could gather and where an open and tolerant attitude was maintained. Klein’s ideas 
were converted into the paradigm of “Aryan” mathematics, thus exploiting his highly 
prestigious name to foster their racist propaganda. 

This dynamism of Gottingen mathematics was heightened by Klein’s view that 
mathematics should be conceived of within a broad, unified scientific context, on a par 
with the natural sciences and also technology. The relationships with the engineering 
and the industrial worlds were extremely concrete, and the relations that Klein him¬ 
self maintained with German industry stimulated industrialists’ growing support of 
scientific infrastructures and represented a remarkable example of private support for 
technological and scientific research. For these reasons, Klein began to occupy an 
important position in the German political and economic scene. At the university he 
promoted contacts among mathematicians and physicists and engineering specialists 
in fields such as hydrodynamics, technical mechanics and the theory of elasticity. 

One of Klein’s first and most brilliant “recruits” was Hilbert, who shared with 
him a belief in the importance of a broad conception of mathematics and of the power 
of unifying ideas as opposed to specialization and “purism”. Hilbert was also con¬ 
vinced of the fact that one fundamental condition for the development of mathemat¬ 
ics research was to abandon the enclosure of the national schools and to adopt an 
attitude of strong international spirit. Under the leadership of Klein and Hilbert, the 
Gottingen school of mathematics became an important phenomenon typical of the 
culture of Weimar. 28 In the period between the two world wars, Hilbert’s influence 

27) In one of these seminars, it was postulated that Jews and Germans calculated in different ways. A 
German, in order to subtract 3/3 from 7 1 / 4 , would subtract 1/4 from both fractions and would then 
calculate 7 — 1/2 = 6 1 / 2 . A Jew, on the other hand, would follow a more formal and less concrete 
procedure, reducing the numbers to a common denominator and then subtracting in order to obtain 
26/4. For further details also on what follows see Rowe 1986. 

28) This thesis is substantially argued in Rowe 1989. On Weimar culture and science see Gay 1968. 
Forman 1973. 
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predominated and the group he led gradually distanced itself from the Faculty of Phi¬ 
losophy, of which it was nominally part and which was dominated by conservative 
and nationalistic positions typical of certain sectors of German university teaching. 
Very soon Gottingen attracted scholars from different backgrounds, above all from 
abroad, including many Jews. Their stay at the University of Gottingen left an in¬ 
delible mark on the mathematicians and physicists who visited there, including, of 
course, von Neumann, one of the many Jewish researchers who worked there, as well 
as von Karman, the Swiss Paul Bernays, the Ukrainian Alexander M. Ostrowski, the 
Croat William (Willy) Feller and the American (albeit of Russian parents) Norbert 
Wiener. 29 

The young von Neumann thus found at Gottingen an open, tolerant and cultur¬ 
ally broad-minded atmosphere, where he came into contact with a working style that 
was to form the basis of what is today still considered the way mathematical research 
should be carried out. This style was created mainly by Klein and was retained even 
after his death in 1925. Direct communication among mathematicians during scien¬ 
tific seminars and meetings took on great importance, together with the activity of 
publishing books and papers. Not only did the number of Privatdozenten in mathe¬ 
matics increase, but also the number of mathematics students, and refresher courses 
were organized for secondary school teachers. An extraordinary range of material re¬ 
sources was available to the mathematics community, including a splendid collection 
of geometrical models and scientific instruments, as well as a rich library organized 
on a free access basis for the purpose of stimulating informal contacts among re¬ 
searchers. 

Since the beginning of the new century, the emphasis placed by Klein on the 
relationship between mathematical thinking and the real world was replaced by a 
conception of mathematics as something highly abstract, which became the most 
salient feature of Gottingen’s contribution to the history of this discipline. In actual 
fact, this transformation was not at all in contradiction with that emphasis but rather 
represented a more modern and functional aspect of it. 


2.2 Hilbert’s mathematical optimism 

At the turn of the century, the mathematics community was showing a growing in¬ 
terest in abstract structures and the axiomatic approach. The field in which these 
new tendencies emerged was above all that of algebra. Mathematicians like Richard 

29) Among those attending Gottingen and already cited we may mention also the names of other emi¬ 
nent scientists such as Hermann Minkowski. Carl D. Runge, Edmund Landau, Karl Schwarzschild, 
Ludwig Prandtl, Peter J. Debye, Johann E. Wiechert, Paul A. Gordan; and also Max Noether, Her¬ 
mann Weyl, Arnold Sommerfeld, Constantin Caratheodory, Gustav Herglotz, Hans Lewy, Erich 
Hecke, Max Born, Richard Courant, Otto Blumenthal, Ernst Zermelo, Paul Koebe, Robert K.E. 
Fricke, Otto Toeplitz, Ernst Hellinger, Felix Bernstein, Emmy Noether. To give some idea of the 
relative weight of the Jewish component suffice it to say that among the latter, Minkowski, Landau. 
Schwarzschild, Gordan, the Noethers, Weyl, Lewy, Bom, Courant. Blumenthal, Toeplitz, Hellinger, 
Bernstein were Jews. 
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Dedekind, Heinrich Weber and Ernst Steinitz made a fundamental contribution to the 
consideration of abstract numerical fields which generalized the properties (or “ax¬ 
ioms”) characteristic of the “concrete” fields of real or complex numbers: in this way, 
algebra enlarged its horizons, from the classical issue of solving algebraic equations 
to the general examination of algebraic structures (such as groups, fields, rings, vector 
spaces). Set theory - above all due to the work of Georg Cantor - was another of the 
sectors of development of the new abstract methods. Klein held reservations similar 
to those of Poincare on the subject of these developments. Hilbert was instead a fer¬ 
vid supporter of the new trend. His early research on the theory of invariants already 
reflected the abstract axiomatic approach. The original theme of this theory, which 
had been carefully cultivated during the nineteenth century, was an interest in the 
properties of invariance of figures when certain geometric transformations of space 
are applied: the simplest example of “invariant” is given by the length of a segment 
when the spatial transformations considered consist merely of rotations and transla¬ 
tions. The algebraic study of these problems had become a true testing ground for the 
computing ability of those trying to solve them and demanded the use of extremely 
complex computational algebra techniques. Hilbert first pursued and then abandoned 
this computational approach, deciding to use abstract and purely logical methods of 
proof instead. The use he made of the principle of the excluded third, or reductio ad 
absurdum argument, in the proof of existence was by no means taken for granted by 
many mathematicians, who preferred a direct constructive approach to account for the 
concrete existence of the entities under examination. In this way, Hilbert’s approach 
acted as a stimulus to the discussion of the nature of mathematical entities, the meth¬ 
ods of proof and the function of logic in mathematics. He also supported Cantor’s 
research on set theory and transfinite numbers, which led to the same kind of issues 
regarding the foundations of mathematics and radically changed the mathematical 
horizon. He also extended his abstract approach to a wide variety of mathematical 
topics, ultimately proposing a global renewal of mathematics, as a unified system of 
knowledge. 

Hilbert was thus expressing an optimistic view of the tendency towards abstrac¬ 
tion and the use of pure logical reasoning - a tendency that, at the end of the nine¬ 
teenth century, was instead considered by many mathematicians as an actual factor in 
a crisis that demanded a radical reappraisal of the status of this discipline. The factors 
underlying this pessimism were thus the same as those reinterpreted by Hilbert in an 
optimistic and dynamic sense: the indiscriminate use of abstract concepts of which 
the means for “constructing” them or describing them concretely are not known; the 
strengthening of the relationship between mathematics and logic and the simultane¬ 
ous weakening of the traditional relationship between mathematics and spatial in¬ 
tuition, and thus between mathematical truth and intuitive certainty. Of course, this 
process had remote origins, like the spread of research on non-Euclidean geometry 
- those spatial configurations for which the Euclidean postulate of parallels does not 
hold - which had so severely shaken the age-old idea of a close connection between 
physical space and Euclidean geometry. However, one of the most significant conse¬ 
quences of the weakening of the relationship between mathematics and the real world 
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was precisely the growing importance of logical and abstract reasoning in mathemat¬ 
ics, which itself acted as a stimulus on the process of the mathematization of logic 
and raised the issue of the relationship between logic and mathematics. 

Hilbert intervened vigorously in this debate, which raised deep concerns re¬ 
garding the future of mathematics. One of his most influential contributions was his 
book Foundations of geometry (Hilbert 1899), in which he presented a re-foundation 
of the deductive method of Euclid’s Elements by grounding Euclidean geometry on 
the axiomatic method. Euclidean geometry (as well as other possible geometries ) 
was based by Hilbert on consideration of a set of elements that are not defined per 
se but have only to allow an a priori verification of certain principles or axioms, 
starting from which the entire theory can be derived by means of a logical-deductive 
demonstration procedure. Consequently, the attempt to define an intuitive idea of the 
fundamental concepts of Euclidean geometry, such as the point, the straight line or 
the plane, was abandoned as useless: all that had to be done was to define the re¬ 
lationships that necessarily exist between these types of objects when considered in 
abstraction. This emptying of the theory of all its concrete content in favour of the 
role of the properties of the elements defined by the axioms, was expressed by Hilbert 
in a much quoted remark that, in the axiomatic presentation of Euclidean geometry, 
the words “point”, “straight line” and “plane” could be replaced by the words “chair”, 
“table” and “beer mug” without detriment to the logical truth of the theory. The key 
point of this program was the need to demonstrate the “consistency” of the axioms, 
that is, the absence of any contradictions among them: since the aspect of a link to 
reality had been disregarded as insignificant, only consistency (or coherence) could 
guarantee the truth and the meaning of the theory. 

In a historical lecture given during the International Congress of Mathemati¬ 
cians held in Paris in 1900 (Hilbert 1902), Hilbert announced a list of twenty-three 
problems, several of which were classical, plus others identified by him, which in 
his views should form the subject matter of research by twentieth century mathe¬ 
maticians. The first two problems were linked to the question of the foundations of 
mathematics and reflected not only the importance he attributed to it, but also his 
confidence that it was possible to resolve such a confused situation. This confidence 
was based on his intimate conviction of the existence of a pre-established harmony 
between mathematics and physical reality which led him to conceive of mathemat¬ 
ics as the foundation of all the exact scientific knowledge of Nature (Hilbert 1931). 
In this he was relating back to Klein’s approach and so his axiomatic view not only 
did not contradict but, as we saw earlier, actually represented a development of the 
emphasis Klein laid on the relationship between mathematics and the real world: it 
was precisely the existence of a pre-established harmony that acted as a basic premise 
allowing the axiomatic emptying of mathematics of all real content. Furthermore, this 
concept had been seen to receive concrete expression in the everyday practice of the 
Gottingen school, in mathematicians’ interest in physics problems and in the close 
collaboration between mathematicians and physicists. Indeed one of Hilbert’s most 
important research topics - the sixth problem stated in the Paris lecture - was the 
axiomatization of the principal physics theories, such as the kinetic theory of gases, 
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which was later extended to cover the new physical theories that emerged at the be¬ 
ginning of the century. Hilbert was thus simultaneously asserting the universality of 
mathematics and its profound unity. 

In the early twentieth century, mathematics was undergoing increasing frag¬ 
mentation and specialization, apparently as a result of the spread of the abstract ax¬ 
iomatic approach whereby it was uncoupled from its ancient empirical unified refer¬ 
ence; at the same time, the relationship with physics and the other natural sciences 
was no longer determined by the ancient link between mathematics and mechanics. 
Yet Hilbert actually used the new trends in mathematical research as a starting point 
for a process of reunification capable of revealing the intimate unitary structure of 
mathematics and of science in general. He thus pointed the way towards preserving 
the classical yearning for the unity of science in the new processes of development 
of individual branches. In this sense, Hilbert represents one of the last great scientists 
(on a par with Einstein) who were inspired by a unitary view of science and were 
capable of embracing the whole of it with a single glance. Von Neumann, whose phi¬ 
losophy of science owed so much to Hilbert’s teaching, was to become one of the 
few twentieth century mathematicians who succeeded in retaining this global grasp 
of the many branches of mathematics, as well as the traditional view of the role of 
mathematics as a conceptual tool for analyzing the real world and for controlling real 
phenomena. 

Hilbert had such great faith in the usefulness of the axiomatic method to orga¬ 
nize single mathematical theories that it occurred to him to derive from it an approach 
aimed at axiomatizing mathematics as a unitary system, that is, to demonstrate its in¬ 
ternal logical consistency in a global sense. This is the essence of Hilbert’s “formalist 
program”, which we shall deal with in the following section. 


2.3 The problems of the foundations of mathematics 
and the axiomatic approach 

In his 1899 book on the foundations of geometry, Hilbert had reduced the problem of 
consistency of geometry to that of consistency of the set of real numbers, that is, to 
state the issue intuitively, of the numbers that are associated with the infinite points 
of a straight line. Thanks to Cantor, Dedekind and Kronecker it was found that the 
consistency of real numbers is a consequence of the consistency of arithmetic, that is, 
of the consistency of the system of axioms that define the set of natural integers: 0, 
1, 2, 3,.... Such a system of axioms had been proposed by the Italian mathematician 
Giuseppe Peano (Peano 1889): it was founded on the hypothetical existence of a 
distinguished number (zero); on the postulated existence of the successor, that is, 
the “consecutive” of each number; and on the postulate that, if a set of numbers 
contains zero and if, by containing a number, it contains also its successor, the latter 
set will thus contain all the natural numbers. 30 Thus, the mathematical research that 

30) This postulate is now known in mathematics as the principle of finite induction. 
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developed towards the end of the nineteenth century led to the conclusion that the 
key to a “good foundation” for the whole of mathematics lay in consistency of the 
set of basic numbers of mathematics, those linked to the elementary operation of 
counting, and of which Kronecker said they were the “work of God”, while all the 
rest of mathematics was the work of man. From the point of view of Kronecker, the 
forerunner of the “intuitionist” school of mathematical philosophy (which we shall 
discuss later), it was absurd to raise the problem of the logical or axiomatic coherence 
of these numbers. Hilbert thought differently, and indeed raised this very problem (the 
second on his list) at the Paris conference in 1900. 

Hilbert began to concern himself with this topic as early as 1899 31 but then set 
it aside to concentrate on the study of integral equations and mathematical physics 
issues. However, the debate was now under way and soon focused on an even more 
basic level of the “new” structure of the edifice of mathematics - set theory. The dis¬ 
covery of paradoxes or contradictions in set theory by Bertrand Russell, Jules Richard 
and Cesare Burali-Forti had led to further debate on the validity of set theory. 32 Ac¬ 
cording to Russell and Alfred North Whitehead, the origin of these paradoxes was 
related to the attempt to define an object in terms of a class of objects containing the 
object to be defined. This was the kind of paradox discovered by Russell in 1902: if 
we allow the set-theoretic notion of “set of those sets that do not contain themselves 
as elements”, we find that such a set both is and is not an element of itself. Indeed, 
if it is not, in so far as it is a set of all the sets that do not contain themselves as ele¬ 
ments, it is; and if it is, insofar that it contains only sets that do not contain themselves 
as elements, it is not. Zermelo pointed out that even classical mathematical analysis 
uses this kind of notion - for instance, in the concept of the lower limit of a numerical 
sequence - which showed that it was not consistent either. 

The strategy adopted by supporters of the axiomatic method was to propose 
the axiomatization of set theory which, by eliminating the inaccuracy of the non for¬ 
malized language used by Cantor, would avoid emergence of contradictions. This 
programme was tackled by Ernst Zermelo, after his arrival in Gottingen in the early 
years of the century. Taking as his model Hilbert’s axiomatization of geometry, Zer¬ 
melo proposed a system of axioms that defined sets using restrictions that would allow 
the onset of antinomies to be avoided and, at the same time, such as to incorporate all 
the objects of mathematics and to provide it with a correct logical foundation (Zer¬ 
melo 1908). Subsequently, Abraham Fraenkel further developed Zermelo’s axiomatic 
system. 

31) In an 1899 article, later republished as Appendix 6 to the seventh edition (1930) of the Grundlagen 
der Geometrie (Hilbert 1899), Hilbert had attempted to enunciate an axiomatic system for the set 
of real numbers. 

32) A full examination of this set of issues may be found in Casari 1964, Feferman 1993, Ferreiros 
1999. Cantor was well aware of the fact that the “set" of ah cardinal numbers or the “set” of ah 
ordinal numbers are contradictory notions: Cantor’s letters to Hilbert show this as well as does his 
exact distinction between the transfinite and the absolute infinity In 1884 already, he calls the totality 
of all ordinal numbers “ein Symbol des Absoluten” (we are grateful to an anonymous referee for 
this remark). A rich review of recent research and selected bibliography can be found in Grattan- 
Guinness 1994, part 5, “Logics, set theories, and the foundations of mathematics”. 
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However, these early attempts to solve these difficulties axiomatically in no way 
met with the unanimity of mathematicians and mathematical philosophers regarding 
the approach to follow. Indeed, the controversy was further fanned at the beginning of 
the 1920s. Russell represented the logicist point of view, the heir to the ideas of Frege, 
who proposed the need to perfect classical logic and to refound mathematics on this 
new unassailable base. In open opposition to this program to “salvage” mathematics 
was the intuitionist trend represented by Poincare but, in an even more radical fashion, 
by the Dutch mathematician Luitzen E.J. Brouwer. In the latter school of thought, the 
existence of a mathematical entity cannot consist in its mere logical possibility but in 
its actual construction. The only acceptable proof of existence in mathematics is that 
which leads to the constructive definition of an entity and the proof that it verities the 
required properties. Quite the contrary, the proofs of existence achieved by reductio 
ad absurdum (that is, showing that the assumption that no entities exist which enjoy 
the required properties leads to a contradiction) are to be rejected as purely formal. 
This implies the rejection of a basic principle in classical propositional logic, namely 
the so-called principle of the excluded middle, according to which, given a proposition 
P, either P is verified or non P is verified. In this way the constructivist approach, 
which has persisted to the present time, albeit in an increasingly smaller group of 
mathematicians, questioned the validity of logical demonstration as a foundation for 
the certainty of mathematical results. 

Von Neumann, who, in his first publication on set theory (Neumann 1923) had 
tried to introduce Cantor’s transfinite cardinals more rigorously but not axiomatically, 
became a convinced supporter of this approach. The first research he developed on 
the axiomatisation of set theory was contained in an article we have already referred 
to in the preceding chapter, published in 1925 in the journal of Fraenkel (Neumann 
(von) 1925). Therefore, he had already autonomously arrived at an acceptance of the 
axiomatic approach which could only make Gottingen and Hilbert the ideal place 
and interlocutor for helping the progress of his research. In the work published in 
1925 with Fraenkel’s help, the still very young von Neumann proposed an axiomatic 
system for set theory that had been further improved with respect to that of Zermelo- 
Fraenkel. It was based on the distinction between “classes” and “sets”. The idea was 
to consider a new group of entities - classes - which had the peculiarity of not being 
able to be included in other sets or classes, while sets are particular classes that may 
be the elements of a class. By making this distinction it was possible to eliminate 
many antinomies like that of Russell. 

At the same time this research gave von Neumann the opportunity to declare 
quite openly his acceptance of the axiomatic approach over any other alternative ap¬ 
proach 33 . The logicists and the intuitionists, he asserted, had both obtained important 
results, the future developments of which nevertheless appeared destructive. Indeed 
they had failed to “rehabilitate” the set theory which, in his opinion, was not only 
valid but above all essential for the purpose of putting the foundations of mathemat- 

33) In the meantime Steinitz’s axiomatic theory of fields (1910) and Felix Hausdorff’s axiomatic theory 

of topological spaces (1914) had been developed. 
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ics on a solid footing. Von Neumann held that Russell, Weyl and Brouwer had stopped 
short of a penetrating criticism of the elementary logic used up to that time, without 
opening up new prospects for set theory. His criticism was directed also at Gyula 
Konig and he consequently distanced himself from the latter’s philosophic approach, 
although Konig had been concerned with the problem proposed by Hilbert of work¬ 
ing out suitable methods for determining the consistency of axiomatic systems and, 
in his analysis of antinomies, had introduced considerations regarding the concept of 
“belonging” in set theory which had certainly influenced von Neumann. In his work, 
von Neumann presented a logically correct exposition, «in the meaning so far given 
to this expression in mathematics», and not in the sense of the intuitionists. The spirit 
of the axiomatic approach was effectively described: «by “set” is meant here some¬ 
thing of which it is not known or desired to be known more than what may be inferred 
from the postulates» (Neumann (von) 1925, p. 219). On the other hand, he was aware 
that his work did not provide a proof of consistency, because this case could not be 
reduced, as Hilbert had done for geometry, to the consistency of arithmetic or that of 
real numbers; moreover, a direct proof, in view of the fact that «in logic much still 
remains to be clarified», would have been in its turn liable to criticism. 

Von Neumann also made explicit reference to the recent work of Hilbert, who, 
in the 1920s, after fresh controversies had arisen, had come back and concerned him¬ 
self with the problems of foundations and of mathematical logic. The radical idea 
formulated by Hilbert to resolve once and for all the endless diatribes was to use the 
axiomatic method to demonstrate coherence of the corpus of mathematics as a whole. 
Axiomatics thus emerged from a context of particular mathematical theories in order 
to measure itself with mathematics as a global and unified system. This program, 
later known as “Hilbert’s formalist program”, was developed by him together with 
his principal collaborators Wilhelm Ackermann, Paul Bernays 34 and von Neumann 
himself. Hilbert’s program was aimed at creating a theory of proof that could be used 
to demonstrate the coherence of any formal system - a metamathematics. In rough 
outline, the suggested approach was as follows. It was proposed to subject to formal 
treatment any mathematical theory by means of an axiomatic theory T, using a given 
formal language L. This language is made up of a stock of basic symbols that could be 
used together with a list of rules indicating how to construct correct formulae or state¬ 
ments consisting of a finite number of symbols. Some of these formulae are axioms 
of the theory T , including some general statements of a logical type. Furthermore, 
rules of inference are given in order to construct formal proofs of new formulae or 
statements on the basis of the axioms: the formal proofs themselves are actually finite 
successions of formulae. Given a formula f and a proof ft, it can always be decided 
whether ( J > is or is not a proof of /. T is consistent if it is impossible, starting from 
T, to form any contradiction (that is, the simultaneous occurrence of an / and the 
negation of f). Hilbert suggested that, by using these “finitary” methods (in the sense 


34) In collaboration with Ackermann, Hilbert published Grundziige der theoretischen Logik (Hilbert, 
Ackermann 1928), and in collaboration with Bernays Grundlagen der Mathematik (Hilbert, 
Bernays 1934-39). 
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that only finite successions of formulae are used that are themselves finite successions 
of symbols of L) it would be possible to obtain metamathematical results that were 
acceptable also within the most rigid intuitionistic positions. 

In 1927 von Neumann published an overview of Hilbert’s theory, which in¬ 
cluded the results obtained by Ackermann and Bernays and several contributions to 
problems that were still open (Neumann (von) 1927). The ultimate aim was certainly 
to arrive at a proof of the consistency of arithmetic from a metamathematical point of 
view. But the young Hungarian mathematician was now fascinated by other research 
topics, particularly the axiomatization of quantum mechanics - on which he pub¬ 
lished in 1927-1929 several articles written in collaboration with Hilbert, Nordheim 
and Wigner. 35 Thus, he later shifted his attention away from questions of mathe¬ 
matical logic, although without losing interest in Hilbert’s programme. In September 
1930 he thus attended a congress on the epistemology of the exact sciences held in 
Konigsberg (now the Russian Kaliningrad), under the auspices of the Ernst Mach 
Association and the Berlin Empirical Science Society and upon the initiative of sev¬ 
eral members of the Vienna Circle. At this scientific meeting the three positions - 
logicistic, intuitionistic and formalistic - confronted each other on the foundations of 
mathematics, and were represented respectively by Carnap, by Arend Heyting, a dis¬ 
ciple of Brouwer, and by von Neumann himself: their lectures were published in the 
journal Erkentnnis, which had recently been founded by Carnap and was later to be¬ 
come an important instrument of discussion and dissemination of the ideas elaborated 
inside the Wienerkreis. In his address, von Neumann spoke out in favour of Hilbert’s 
point of view, defending the practice of professional mathematicians against the at¬ 
tacks of those who wanted to restrict their methods and field of action (von Neumann 
1931). He presented Hilbert’s metamathematics as a pathway to reconciliation with 
the intuitionist position: to this end, it was sufficient to distinguish the content of 
a classical mathematics theorem - which it was not always possible to prove using 
finitary or constructive procedures - from the formal way in which this theorem was 
derived and by means of which such a verification was possible. 

However, the course of events changed radically during the Congress itself. A 
young logico-mathematician, Kurt Godel, announced a result that, in its final ver¬ 
sion, complete with all the proofs and implications, was published the following year 
(Godel 1931; see Zach 2005). Godel claimed that if T is any formal theory presented 
in finitary form, d la Hilbert, which includes an axiomatic formalization of arithmetic 
(e.g., that given by Peano’s axioms), the consistency of T cannot be demonstrated 
using methods that can be formalized within T, unless T is inconsistent. This result 
was actually a corollary to the theorem known today as Godel’s Incompleteness The¬ 
orem, according to which, given a theory T of the above type that includes arithmetic, 
there always exists an undecidable arithmetic proposition, that is, one such that in T 
the proposition and its negation occur simultaneously. In conclusion, Godel’s results 
demonstrated the impossibility of obtaining a complete proof of the logical coherence 

35) Let us recall, in particular: Hilbert, Neumann (von), Nordheim 1927; Neumann (von). Wigner 

1928a, 1928b, 1928c, 1929a, 1929b; Neumann (von) 1929a. 
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of mathematics in the contexts of the rules laid down for metamathematics and dealt 
a death blow to Hilbert’s programme. Furthermore, it seemed to vindicate those who, 
like Poincare, considered it a pipedream to want to justify arithmetic by means of 
an axiomatic foundation and clung to a position of Kantian inspiration according to 
which the human mind possesses an intuitive idea of natural numbers that precedes 
all formalization. 36 

In actual fact, during the Konigsberg Congress, none of the eminent participants 
realized the full import and implications of the result announced by Godel - with 
one exception: von Neumann. After the discussion the latter rushed up to Godel and 
took him aside in order to get a better understanding of his demonstration. He then 
left the Congress in a state of extraordinary excitement and spent the next month 
working on the issue. Less than two months later he wrote to Godel to announce 
he had demonstrated, as a consequence of the theorem of incompleteness, that the 
consistency of arithmetic cannot be proved. Godel replied that he had in the meantime 
succeeded in obtaining this demonstration and sent him a copy of the article that had 
already been presented for publication. 

After the publication of Godel’s results, von Neumann definitively abandoned 
his work on mathematical logic, even if maintaining the strong belief that logic should 
play a key role in mathematical praxis. 37 Godel’s result was perceived by von Neu¬ 
mann as a crushing defeat that left visible traces on his researcher’s psychology and 
influenced his conception of the limits of mathematical rigour. But nevertheless, he 
continued to believe firmly in the epistemological value of mathematical practice 
based on a formal logical and axiomatic approach. From this point of view, faith in 
the value of the axiomatic method freed from the constraints of the Hilbertian for¬ 
malist programme became the linchpin of von Neumann’s mathematical thinking. He 
thus became one of the principal actors in the “pragmatic” reconstruction of mathe¬ 
maticians’ confidence in the value of their discipline. Moreover, his work on axiom- 
atization and on proof theory led to a view of mathematics as «a combinatorial game 
played using primitive symbols in which it had to be determined in a finitely combi¬ 
natorial way which combinations of primitive symbols the methods of construction 
or ‘proof’ led to», as he claimed at the Konigsberg congress (Neumann (von) 1931). 
He never abandoned this view, and indeed built it up over the years, and this view 
helps to explain his interest in the scientific topics he concerned himself with in the 
1940s and 1950s. 

In the following chapter we shall endeavour to summarize von Neumann’s sci¬ 
entific thought, which had already acquired a mature form on the eve of his depar- 

36) According to Poincare, the principle of finite induction is a typical example of a synthetic a priori 
judgment in the Kantian sense, which - in view of the central nature of this principle in mathe¬ 
matical proof procedures - demonstrates that mathematics is not a purely logical-deductive science 
(Poincare 1902). 

37) A Leitmotiv of his scientific work was the importance of understanding and unveiling the logic un¬ 
derlying any scientific and technological problem; see for example his 1936 work (in collaboration 
with Garrett Birkhoff) on the logic of quantum mechanics and his 1956 work on probabilistic logics 
and automata. 
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ture for the United States. At this point, however, it is necessary to emphasize an 
extremely important point. There is some confusion in the history of science litera¬ 
ture regarding axiomatics and Hilbert’s formalist programme. Axiomatics was a vast 
movement of mathematical research - a trend in mathematical research practice, if 
one prefers - which took shape during the second half of the nineteenth century also 
thanks to Hilbert’s contribution, but cannot however be reduced to Hilbert’s efforts 
alone. Hilbert followed this programme with an even more ambitious one, although 
this time of an essentially logical-foundation type, the “formalist programme”, the 
main features of which have been outlined above. Confusing these two aspects can 
lead to the error of believing that the collapse of the formalist program led to a cri¬ 
sis of the axiomatic approach and opened up the way to a more heuristic, empirical 
mathematical practice, or one that was more concerned with applications issues. 38 

None of this is true. The collapse of the Hilbertian programme in no way im¬ 
plied a crisis in axiomatic practice. Indeed, axiomatic practice represented a channel 
leading away from the reefs on which mathematical research had been stranded as a 
result of the barren conflict between formalism and intuitionism. The axiomatization 
of the basic theories of mathematics - set theory in particular - formed the protective 
screen behind which mathematicians could now defend themselves from the monsters 
represented by antinomies and logical paradoxes and regain confidence in their re¬ 
search. Von Neumann was not only a “victim” of the crisis caused by Godel’s results, 
but rather one of the main figures in the construction of a new scientific paradigm in 
which the Hilbertian style global reductionist view was abandoned. This new “pan- 
mathematical” paradigm was based on the efficacy of the axiomatic method as a con¬ 
crete research practice and consequently on a view of the use of mathematics based 
on the concept of “model”. 

Therefore, the axiomatization of set theory became a symbol of this new trend, 
as did also another of the fundamental results obtained by von Neumann in those 
years, again in the framework of the Gottingen research programmes - the axiomati¬ 
zation of quantum mechanics. 

2.4 The axiomatization of quantum mechanics 
and functional spaces 

In the early twentieth century the extraordinary burgeoning of research in the field 
of physics led to a radical change in the fundamental beliefs of physicists and to a 
profound crisis in classical mathematical physics. It is customary to speak of three 
“revolutions” occurring in physics in the first third of the century: on the one hand, 
the emergence of Einstein’s special theory of relativity, followed by his theory of 

38) The confusion between Hilbert’s formalist programme and axiomatics is present in the work of 
Philip Mirowski (Mirowski 1992, 2002). He does not take into account the history of axiomatics, 
merely considering Hilbert’s formalist program. This confusion distorts the analysis of von Neu¬ 
mann’s work, by introducing the consideration in his scientific pathway of non-existent gaps or 
forced counterpositions between an earlier phase (“purity”) and a later one ("impurity"). 




32 


Chapter 2. Von Neumann and the Mathematics of Gottingen 


gravitation (general relativity), which replaced Newtonian theory on a macroscopic 
scale; and the emergence of quantum theories claiming to account for the phenomena 
taking place on a microscopic scale. These developments marked the beginning of 
so-called “theoretical physics” and also led to a turning point in the kind of tools used 
in mathematical analysis of the physical world: new methods replaced the existing 
mathematical approach in mechanics and classical mathematical physics, namely the 
theory of functions, infinitesimal calculus and the theory of differential equations. 

At the outset, many mathematicians threw themselves body and soul into the 
task of preparing mathematical tools suitable for treating the new physical theories. 
Even though, in the case of Einstein’s relativity, physicists could rely on a branch of 
mathematics that was already developed, differential geometry, the contribution of 
mathematicians such as Poincare, Hilbert, and Hermann Minkovsky was decisive in 
allowing a correct mathematical formulation of the special theory of relativity, derived 
from Einstein’s physical insights, and in opening the way to further developments. 
The Italian mathematician Tullio Levi-Civita - although admitting he was a “conser¬ 
vative” as regards the principles of mathematical physics - enthusiastically espoused 
the topics of the new mechanics and made a fundamental contribution to the mathe¬ 
matical formulation of general relativity. 39 The greatest difficulties were encountered 
in the mathematical treatment of quantum mechanics: this issue represented one of 
the major research topics in the Gottingen environment and was included within the 
general framework of Hilbert’s scientific project aimed at providing axiomatic expla¬ 
nations of the various mathematical and physical theories. 

The theoretical problem posed was how to account for experimental evidence 
regarding the internal structure and the dynamics of atoms (Jammer 1966; Garola, 
Rossi 2000). During the first two decades of the century a large body of experimen¬ 
tal data had been gathered - some of which was gleaned from studies on radiation 
- that seemed to be in open contradiction with Newton’s laws of motion or with the 
equivalent mathematical formulations, such as the “variational” formulation given by 
William R. Hamilton. For example, if the atom was composed of a heavy nucleus sur¬ 
rounded by a group of electrons, according to Ernest Rutherford’s model, why was 
it that the electron did not lose energy and fall into the nucleus, as would seem to be 
required by the laws of motion? And likewise, how to account for the fact that each 
type of atom emits or absorbs very specific colours (i.e., light wavelengths)? Between 
1925 and 1926 two possible explanatory schemata were presented almost simultane¬ 
ously. One of these was formulated at Gottingen by Werner Heisenberg, Max Born, 
and Pascual Jordan, in a purely algebraic form, generalizing the basic variables asso¬ 
ciated with a particle in Hamilton’s classical mechanics formulation: the position and 
moment of an electron were represented by infinite matrixes, that is, by mathemati¬ 
cal objects possessing the property that their product is not commutative. In this way 


39) General relativity raised more complex mathematical problems. During the 1910s. Levi-Civita pro¬ 
posed to Einstein several essential modifications of his initial version of the gravitational equations 
which enabled them to be expressed in their correct invariant form. See Levi-Civita 1919 and De 
Maria, Cattani 1989. 
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it was possible to obtain appropriate generalizations of Hamilton’s equations. This 
“matrix mechanics” showed good agreement with the experimental evidence. 

The explanatory outline provided by the Austrian physicist Ernst Schrodinger, 
then professor at Zurich and who succeeded Max Planck at the university of Ber¬ 
lin in 1927, was instead grounded essentially on physical considerations and was 
based on the idea of the dual “nature” of subatomic particles - simultaneously waves 
and particles. Indeed, the experimental devices revealed that the particles had now a 
wave behaviour, now a particle behaviour. Niels Bohr, director of the Copenhagen 
Institute of Theoretical Physics, had incorporated this phenomenon in a “principle 
of complementarity”, which he believed could be extended to real phenomena in all 
fields, including biology and psychology, and which delimited the very boundaries 
of knowledge. According to this principle, elementary particles display two comple¬ 
mentary properties, each of which accounts for only a part of the subatomic processes. 
Further evidence of this principle was the existence of complementary variables, such 
as the position and moment of a particle, which could not both be determined simulta¬ 
neously (Heisenberg’s “uncertainty principle”). In Schrodinger’s “wave mechanics” 
each electron could be associated with a differential or “wave” equation, the resolu¬ 
tion of which, in the case of the hydrogen atom, allowed experimentally predicted 
wavelengths to be obtained. Schrodinger had also demonstrated that, using his equa¬ 
tion, it was possible to obtain the elements of Heisenberg’s matrixes, thereby pointing 
to the basic equivalence of the two descriptions. However, a fundamental difference 
existed between Heisenberg’s and Bohr’s statistical interpretation of quantum me¬ 
chanics and Schrodinger’s view, which was supported also by Einstein, who defended 
the need to reinstate a deterministic description of reality. The physical discussions 
were linked to the developments of mathematical formalism. The most important 
problem seemed to be to find a general formulation to accommodate both wave me¬ 
chanics and matrix mechanics. Hilbert’s theory of function spaces, an abstract theory 
that had been developed without any connection with these physics problems, proved 
to be the best suited to this purpose. 

The investigation of abstract function spaces carried out at the beginning of the 
century by a number of mathematicians with whom von Neumann had been trained 
is a good example of the trend towards abstraction that characterized twentieth cen¬ 
tury mathematics and of which mention has already been made. Indeed, during the 
nineteenth century, the main object of mathematical analysis was to study functions 
associated with the several problems of classical mathematical physics (theory of 
elasticity, heat, potential, vibrating strings), which derived from the attempts to solve 
the differential equations used to describe such specific problems. Another approach 
was to use the calculus of variations, in which the solution to the problem was iden¬ 
tified as that which rendered a function of this solution a minimum (or maximum or 
at least an “extreme”). The approach in variational terms - and thus the considera¬ 
tion of “functions of functions” or “functionals”, already mentioned in Chapter 1 - 
was without doubt one which opened up the way to modem functional analysis and 
removed the limitations imposed on the study of individual functions typical of the 
classical theory of functions. 
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In a rough and ready way the new approach may be said to consist in seeking 
methods that would allow the problems to be solved, not one by one, by studying 
differential equations and particular functions separately, but starting from a general, 
overall point of view, reproducing what Hilbert had done for the theory of algebraic 
invariants. Instead of individual functions, there would be sets of functions (“spaces”) 
subjected to the action of other functions or abstract “operators”, given by the equa¬ 
tions defining the problem being examined. 40 The representation theorem demon¬ 
strated by Riesz and Fischer, showed that several of these sets of functions could be 
considered as “spaces” in the sense that they could be given a structure similar to 
that of Euclidean spaces: in function spaces the points represented the functions and 
each “point” was described by an infinite set of coordinates, that its, by a sequence 
of numbers. A space of this kind, called a Hilbert space, is thus a generalization of 
the customary three-dimensional space of Euclidean geometry - or, more generally, 
of the finite-dimensional vector space of linear algebra - to the case of an infinite 
number of dimensions. This space was given an algebraic-geometric structure and 
language, and the linear operators acting on it could in a way be considered similar 
to the linear transformations of n-dimensional spaces, including their representation 
by means of matrixes. Furthermore, in this kind of space, it was possible to introduce 
a notion of measure, of distance, which generalized the Euclidean notion of distance 
between two points: this made it possible to introduce a topological structure and 
such concepts as those of continuity and limit. This line of research was thus linked 
to topology (or analysis situs), the object of which is the study of geometric properties 
that remain invariant when the space is subjected to continuous transformations. 

In this increasingly abstract approach, the predominant geometric and/or physi¬ 
cally based ideas typical of the nineteenth century were replaced by the predominance 
of general algebraic and topological concepts. Abstract algebra, to which a fundamen¬ 
tal contribution was made in those years at Gottingen by Emmy Noether and other 
mathematicians - proceeding along the path opened up by Hilbert in invariant theory 
- provided the panoply of tools needed by the new developments in analysis. Fol¬ 
lowing this trend towards deeper levels in abstraction, the object of linear functional 
analysis was first function spaces and the spaces of sequences, and later, the general 
abstract spaces, the points of which could represent any kind of mathematical object. 
The axiomatic point of view was perfectly well suited to such an approach: it was a 
matter of identifying interesting properties and of suggesting them as space axioms, 
without worrying about the nature of its “points”. 

40) For the sake of example, in order to determine a function u(x) verifying the differential equation: 


dx 

(where is the derivative of u(x)), it is possible to consider the set of all functions u(x) having 
given properties (such as that of possessing a derivative) and the "operator” (or "functional”) 

d 2 

L = x — -b \x~ 

dx 

which acts on the set of functions u, and one seeks those for which L(u) = 0. 
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We shall now briefly outline the key idea behind application of Hilbert spaces 
to quantum mechanics. Heisenberg had already described several quantities of the 
physical system by means of infinite matrixes. The mathematical idea behind this 
was that of representing the state of an atom by means of a vector in a Hilbert vector 
space - given by an infinite number of coordinates, each of which was a complex 
number - while the observable physical quantities, such as position, moment or en¬ 
ergy, were described by means of special linear operators (known as Hermitian or 
self-adjoint operators) which acted on this space. For those who know a little more 
about mathematics we shall add that, in the case of the operator representing energy, 
the eigenvalues of the operator represent the energy levels of an electron and the cor¬ 
responding eigenvectors represent respective stationary quantum states of the system. 
The fundamental physical observation in quantum mechanics, according to which 
a measurement perturbs the system, and the consequent fact that the results of the 
successive measurements of two observable quantities depend on their order in time 
corresponds, in this mathematical representation, to the fact that we are dealing with 
non-commutative operators. Consequently, the Heisenberg uncertainty principle, that 
is, the impossibility of simultaneously measuring position and moment, was associ¬ 
ated with a significant mathematical property. This idea was suggested for the first 
time by Paul A. Dirac and Pascual Jordan in 1927, showing how the operators corre¬ 
sponded to Heisenberg’s matrix representation and how, on this basis, it was possible 
to reconstruct Schrodinger’s wave equation. However, the mathematical formalism 
they used caused controversy and was not universally accepted. 

The axiomatic formalization of quantum mechanics was without doubt a central 
problem for Hilbert and for Gottingen’s scientific circle. As in the case of the foun¬ 
dations of mathematics, concerning oneself with this topic meant riding the crest of 
the wave. Von Neumann, who was certainly attracted by this kind of challenge, again 
showed he was equal to the task. The first step he took in this field was to under¬ 
take direct collaboration with Hilbert and his physics assistant, Lothar W. Nordheim, 
who were then endeavouring to simplify and perfect Dirac and Jordan’s treatment: 
this collaboration led to publication in 1927 of a paper on the foundations of quan¬ 
tum mechanics (Hilbert, Neumann (von), Nordheim 1927). In the introduction to the 
article, it was claimed to be necessary to completely separate the physical interpre¬ 
tation from the mathematical formalism in order to ensure true understanding of the 
theory. Subsequently, von Neumann decided to enhance the results of this work by 
using an axiomatic formulation of the abstract Hilbert space concept: the state of the 
atom - corresponding to a vector in the abstract algebraic formulation - was intro¬ 
duced as an object characterized by the axioms of an abstract Hilbert space. 41 On 
the strength of this axiomatic construction, in two papers published in 1929 in the 
German journal Mathematische Annalen (Neumann (von) 1929b, 1929c), he devel- 

41) Courant has written about the influence of Schmidt on von Neumann’s views: «It was the great 
merit of von Neumann, guided by Schmidt, to see that what matters really is the structural situation 
in abstract space» (interview of May 9, 1962. Quantum Archives, quoted in Heims 1980, 113). 
For a deeper analysis of von Neumann’s contribution in this area, subsequent developments and a 
comparison with Wiener’s views, see Heims 1980. 
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Dear highly honored Professor, 

I had the opportunity several times to speak 
to Leo Szilard about the student competitions 
of the Eotvos Mathematical and Physical So¬ 
ciety, also about the fact that the winners of 
these competitions, so to say, overlap with the 
set of mathematicians and physicists who later 
became well-respected world-figures. Taking 
the general bad reputations of examinations 
world-wide into account it is to be considered 
as a great achievement if the selection works 
with a 50% probability of hitting the talent. 
Szilard is very interested in whether this pro¬ 
cedure can be applied in the German context 
and this has been the subject of much discus¬ 
sion between us. However, since we would like 
above all to learn what the reliable statistical 
details are, we are approaching you with the 
following request: We would like: 1. to have a 
list of names of the winners and runners-ups of 
the student competitions, 2. to see marked on 
the list those who were adopted on a scientific 
basis and those adopted for other work, 3. to 
know your opinion about the extent to which 
the prizewinners and the talented are the same 
people and, for example, what proportion of 
the former would be worthy of financial sup¬ 
port from the State in order to make their stud¬ 
ies possible. Please forgive me for setting such 
a tiring task but we would be very grateful 
to you for receiving of the information herein 
requested or, otherwise, an indication of how 
such information may be obtained. 

Thanking you in advance, I remain your grate¬ 
ful pupil, 

Neumann Jancsi 


Figure 2.1 A letter from Jancsi Neumann from Berlin to his professor Lipot Fejer in Budapest 
(July 17, 1929). 

Source and English translation: Marx 1997 (with permission) 
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oped the general theory of Hermitian linear operators on a Hilbert space of any kind 
and their eigenvalues (the spectral theory). Again for anyone who knows a little more 
about mathematics, we add that, from this point of view, both the space L 2 of the 
measurable and square integrable - in the sense of Lebesgue-measurable - complex¬ 
valued functions and the space 1 2 of the square summable sequences of complex num¬ 
bers were special and well-known examples of Hilbert spaces, which corresponded 
precisely and respectively to Schrodinger’s and Heisenberg’s mathematical formula¬ 
tions. Moreover, the Riesz-Fischer representation theorem, which had revealed the 
existence of a one-to-one correspondence between these two spaces, was evidence of 
the correspondence between the two presentations of quantum theory. 

Between the end of the 1920s and the early 1930s, von Neumann published a 
large number of studies on quantum mechanics, some of them in collaboration with 
Wigner. 42 He concerned himself in particular with the physical import of the theory 
such as the concept of measurement and its statistical aspects. This was, in actual 
fact, the most difficult side of the new discipline. One of the basic assumptions of 
classical mechanics was a conviction that, in every experimental observation, the er¬ 
ror due to possible perturbations caused by the measuring instrument on the observed 
object could always be reduced: it was thus acknowledged to be possible to construct 
instruments capable of guaranteeing an objective reading that was independent of 
the observer performing the experiment. This assumption was now being questioned: 
Bohr and Heisenberg had shown that it was impossible to obtain an objective descrip¬ 
tion of the real world, because of interactions between the atoms and the measuring 
instruments, which introduced an element of uncertainty regarding the state of the 
atom. In their view, the human observer carries out an objective reading of the instru¬ 
ment’s signals, but the observation refers to the combination of object and instrument. 
In this way, any prediction made of the future state of the atom can only be statistical 
in nature. 

This loss of certainty, similar in a way to that occurring in mathematics with 
reference to the problem of logical consistency, was tackled by several physicists still 
faithful to determinism. Einstein claimed that several “hidden parameters” existed 
that, once determined, would eliminate the element of uncertainty. A much more in¬ 
novative position was held by Wiener, who dedicated himself to the project of rolling 
back the frontiers of physics and using suitable mathematical tools to tackle the prob¬ 
lems in which uncertainty is present, or in which random factors intervene and, ulti¬ 
mately, in which the information is not complete. As for Von Neumann, he developed 
a strategy similar to that introduced to solve the problem of the antinomies in set the¬ 
ory, namely to use the axiomatic approach to eliminate the source of difficulties of 
interpretation and to avoid breaking with traditional views in mechanics and physics 
research. 

Thus, both in the case of set theory and the foundations of mathematics and in 
that of quantum mechanics, von Neumann found in the axiomatic approach a way 
out of the crisis and a suitable context in which to restore to research a feeling of 


42) See note 35. 
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confidence. And this indicates just how coherent and mature von Neumann’s scientific 
outlook was already in the late 1920s. 

Marcello Cini summed this situation up very effectively by defining von Neu¬ 
mann as «the man who quite definitively transformed the retreat that physics had 
to make with the renunciation of classical determinism into the reassertion of its 
supremacy, by succeeding in bringing chance back into the laws of logic» (Cini 1985, 
104). Indeed, by means of an axiomatic presentation, von Neumann introduced as an 
internal proposition of the theory the absolutely natural character of quantum me¬ 
chanics - that is, the impossibility of existence of other equivalent theories with 
“hidden parameters”. At the same time, this formulation enabled him to develop a 
theory of measurement in which the measuring process had been reabsorbed into 
the mathematical formalism. In order to pursue this objective, he proposed a bold 
and controversial break with the conventional distinction made between observer and 
measuring instrument: in his view, this was an arbitrary distinction as indeed every 
observation is necessarily subjective. His theory of measurement allowed him to ob¬ 
tain a description of the state of the observed system and of the measuring instrument. 
The observer’s awareness of the result of the observation modifies this state and only 
in this way is it possible to explain the measurement process. In order to axiomatize 
this statement, von Neumann assumed that the duration of the measurement lasted 
only an instant, thus compressing the idea of a process that developed in time within 
an abstract and atemporal logical scheme. In this way, the subject, the thinking mind 
or consciousness, became part of the theory in order to expel from the theory the idea 
of unpredictability or randomness of a physical phenomenon. 

This approach of von Neumann’s, although restoring “peace of mind” to 
physics, left open the problem of describing the organization and the dynamics of 
cognitive processes (Heims 1980, 133 ff.). Many years later, he also addressed this 
problem, attempting to work out a theory that could be used to describe cognitive pro¬ 
cesses by means of an “automaton”: this theory thus aspired to complete the frame¬ 
work of the mathematical-axiomatic analysis of the real world. 

The results of all this research were collected in his famous book on the math¬ 
ematical foundations of quantum mechanics, published in Berlin in 1932 and com¬ 
pleted in 1936 by means of a paper on the logic of quantum mechanics written with 
Garrett Birkhoff (Neumann (von) 1932a; Neumann (von), Birkhoff 1936). The book 
became the standard exposition of the principles of quantum mechanics and von Neu¬ 
mann’s prestige was further consolidated when his mathematical treatment proved its 
capacity to accommodate subsequent enhancements of the theory, such as relativistic 
quantum mechanics and, at least partially, quantum field theory. Von Neumann’s for¬ 
malization had a much more limited influence on research practice - Dirac’s presenta¬ 
tion was actually more commonly used by physicists in the development of quantum 
mechanics. Indeed the link between theoretical physics and mathematics, which had 
seemed so solid at the beginning of the century, weakened, opening up a gradually 
widening gap, both psychological and cultural, between the two disciplines (Faddeev 
1990). It is significant in this connection that von Neumann’s book was translated into 
English only in 1955 - even though the original German edition had been reprinted 
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in the United States in 1943. Von Neumann himself then abandoned these studies, 
concentrating on the purely mathematical development of the theory of operators in 
Hilbert spaces, in the best tradition of the school of Riesz and Hilbert. 


2.5 A crucial contribution to game theory 

Man’s interest in games clearly has remote origins. A much more recent phenomenon 
is the idea of studying games using scientific methods, in particular mathematics, to 
determine the best way of winning or at least of reducing losses to a minimum, as well 
as to gain a theoretical understanding of the structure of specific games. It may well 
be said that it was during the eighteenth century, a time enthusiastically focused on 
the recreational and fun aspects of human activities and, at the same time, permeated 
with a scientific and rational view of things, that the idea arose of studying this order 
of issues, particularly with regard to parlour games and gambling (lotteries and the 
like). The preferred mathematical tools for addressing these issues were identified as 
probability calculus and combinatorial mathematics. 

During the nineteenth century the concept of game was appreciably extended, 
as the idea began to arise that each form of conflict or competition among individuals 
for an extremely wide range of purposes - economic competition, military clashes, 
and so on - could be schematized in the form of a “game” in the broad sense. It was 
in the field of military strategy that a scientific conception of conflict was developed, 
in particular through the work of the famous Prussian general Karl von Clausewitz. 
However the rare developments involving the use of mathematical and not merely 
discursive analysis were limited to a few board games - chess, in particular, until 
the early twentieth century. The first volume of the encyclopedia of mathematical 
sciences, published between 1901 and 1904, contained a short article by Wilhelm 
Ahrens dedicated to mathematical games (Ahrens 1900), although this research still 
carried little weight and aroused the interest of only a small number of mathemati¬ 
cians. Ahrens’ article clearly shows how the aim of the research was still confined to 
the study, carried out mainly using combinatorial methods, of games such as chess, 
Nim and cards, especially Patience. 

However, in the first few years of the century, the traditional issues raised by 
games were addressed from innovative viewpoints, which considered various logical, 
psychological and probabilistic aspects and reflected new trends in mathematical re¬ 
search. Moreover, the study of chess, poker and other games, the playing of which 
does not depend solely on chance, also lent itself to emphasizing the analogies and 
connections with problems ranging from military strategy, to ethical reflections on 
moral choice and behaviour, to the analysis of competitive mechanisms in the social 
and economic fields. As a consequence, the views of those who developed the sci¬ 
entific analysis of games out of a pure interest in mathematics and logic tended to 
interact with that of persons interested in their applications to economics, sociology 
and military science. 



40 


Chapter 2. Von Neumann and the Mathematics of Gottingen 


The most significant result marking the renewed interest in games based on a 
sophisticated mathematical approach is represented by Ernst Zermelo’s theorem on 
chess, which was presented at the International Congress of Mathematicians held at 
Cambridge in 1912 (Zermelo 1913). It followed an axiomatic approach and exploited 
set theoretic methods. 

Zermelo’s original idea was to describe a game by means of a tree structure, 
also known as the “extended form” of the game. The following figure gives an idea of 
the extended form representation: the various configurations that may be taken up by 
the game are represented by “nodes” and the moves leading from one configuration 
to another are represented by arrows. 



The extended form representation has as its starting point the initial configu¬ 
ration or “root” of the game. For example, in the case of chess, the root is given by 
the configuration in which all the pieces are found in their initial positions (the ini¬ 
tial node in the figure). Starting from this initial position, the first player can make a 
certain number of moves which are all marked on the tree diagram and, in the case 
of chess, are obviously much more than the three shown in the figure. Then all the 
possible moves available to the second player are marked and so on. The game can 
therefore be described by a graph having a tree-like structure since it does not contain 
cycles (the branch of a tree never comes back to itself) and is connected (no branch 
is isolated because it springs from another branch). The tree-shaped graph represents 
all possible variants of the game itself. It is easy to appreciate that the extended form 
of a game such as chess is of an enormous complexity and can in no way be drawn, 
and this is true for the majority of games. Nevertheless, Zermelo invented a proce¬ 
dure called “retrospective induction” consisting in the analysis of the tree structure 
by tracing back to the root ends, which allowed him to prove his theorem. In essence, 
his result asserts that there is a “rational” behaviour (or strategy) of the players such 
that the outcome of a game of chess is determined. In other words, since there are 
only three possible outcomes - white wins, black wins or a stalemate ensues - there 
is a strategic behaviour which inevitably leads to only one of these outcomes, even 
though we do not know which of the three it is. Indeed the limit of Zermelo’s theorem 
is that it is a theorem of existence, non-constructive, the typical theorem that is un- 
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acceptable to constructivists a la Brouwer. 4 ' Furthermore, the problem remains open 
of defining what rational behaviour is, although the most obvious way of conceiving 
it is to imagine that it satisfies the criterion of allowing the best possible result to be 
obtained, one of course that is compatible with the fact that the adversary has a simi¬ 
lar goal. Zermelo’s theorem ultimately states that if the two players adopt a “rational” 
behaviour, the outcome of the game is predetermined and therefore, in principle, the 
game of chess is trivial. 

It is important to note that Zermelo’s approach was aimed at determining the 
solution or “value” of the game on the basis of purely objective and mathematical 
criteria, without making use of subjective criteria of a psychological nature. 

The French mathematician Emile Borel addressed the same kind of issues in 
a series of articles published from 1921 on. These articles were preceded by others 
on the applications of probability calculus, which may be considered to have been 
preparatory. Indeed Borel considered as fundamental the link between the calculus 
of probabilities and the players’ strategic choices, as he believed that probability was 
the best way to describe what he called the “player’s skill”. 44 He therefore followed 
an approach that was diametrically opposed to the axiomatic approach, taking as his 
starting point an analysis of the psychological factors ignored by Zermelo. 

One extremely important aspect of Borel’s research was the representation of 
games by means of what today is denoted as the normal or strategic form. We shall 
give a simple description that is closer to the modem treatments but equivalent to 
that adopted by Borel and then by von Neumann. The idea is to list all the possible 
strategies that each player may adopt. In the case of chess, a strategy represents a 
predetermined sequence of moves that the player can adopt in a game: evidently the 
number of these strategies is very high. In the case of two players we thus have two 
sets of strategies: {.sq,..., s n } for the first player, {t \,..., t„, ) for the second player. 
Corresponding to the choice of each pair of strategies (.y,-, tj ) the game has an out¬ 
come that may be represented by a numerical value: for instance, in chess a win by 
white may be represented by the value 1, that by black by -1, and stalemate by 0. 
Chess is an example of a “zero sum” game, that is, one in which a win by one player 
is equal and opposite in sign to that of the second player. We shall now limit ourselves 
to considering games of this kind. 

A table may thus be constructed - which is denoted as the strategic or normal 
form - in which the rows contain the strategies of the first player and the columns 
those of the second one, and in the boxes the wins of the former (which identify, by 
changing the sign, also the losses of the latter, since it is a zero sum game). 

43) Let us take the classic game of “noughts and crosses”. The game consists of taking turns to place 
a “nought" or a “cross” in one of nine squares in a grid with the goal of forming a line, column or 
diagonal of one of the two signs. It is easy to see that both players adopt a strategic behavior that 
inevitably leads to a drawn game. The situation is similar in chess, except for the fact that we do not 
know what the “inevitable” solution is. This kind of game is said to have a “value” and in a sense 
is of no interest as its solution is predictable. Chess may be said to retain its interest as we do not 
know what the optimal solution is nor the strategic behaviours that lead up to it. 

44) For a complete bibliography of Borel’s numerous publications on the topic and an analysis thereof 
see Dell'Aglio 1995. Here we shall merely cite Borel 1921, 1924. 1927. 
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Let us take a well-known example, namely that of the game of Chinese morra 
(rock, scissors, paper game) in which two players simultaneously show a “rock”, 
“scissors” or “paper”. According to the rules of the game the stone beats the scissors, 
the paper beats the rock and the scissors beat the paper, while the simultaneous ap¬ 
pearance of two identical objects ends in stalemate. Each of the two players therefore 
has two possible strategies (si = ti = “rock”, S 2 = ti = “scissors” and sj, = tj, = 
“paper”). By assigning the value of 1 (respectively - 1) to a win by player one (re¬ 
spectively to a loss by player two) and 0 to a stalemate, the following normal (or 
strategic) form can be constructed, which is also called its “payoff” matrix: 



h 

ti 

t3 

it 

0 

1 

-1 

S2 

-1 

0 

1 

S3 

1 

-1 

0 


As soon as the strategic form has been determined, the problem arises of ex¬ 
amining what possible game outcomes there are. For this purpose it is necessary to 
formulate hypotheses concerning the player’s behaviour, that is, to attempt to give a 
description of what we might call his “rational” behaviour. The idea that surfaces in 
Borel’s work - and which was then taken by von Neumann as an axiom - is that the 
player might follow a prudent path in view of the fact that he is facing an opponent 
who is pursuing a similar goal and therefore he cannot reasonably hope to obtain 
what would be the best result in his eyes. He could therefore act prudently or “mod¬ 
estly”. For each strategic choice he will observe what is the worst result that he can 
achieve depending on the strategic choice made by the other player: this amounts to 
considering for each row the minimum payment value. He will therefore opt for the 
lesser evil, choosing the greatest among these minima (the maximum of the minima, 
or “maximin”) and adopting the corresponding strategy. The other player should also 
behave likewise: taking account the opposite value of his payments, he will seek the 
minimum of the maxima, or “minimax”. If minimax and maximin coincide, the game 
will allow of a solution, which corresponds to the optimal behaviour of the two play¬ 
ers - to obtain the maximum possible compatible with a symmetrical behaviour of 
one’s opponent. 

It is easy to see that Chinese morra does not allow of a solution of this kind. 
Conversely, in several cases, there is a minimax solution. Fet us consider, for example, 
the normal form of a hypothetical game with four strategies per player, as represented 
in the table below. It may be immediately seen that in this case the minima on the 
rows is {—15, —10, —9, —12}, so that the maximin is —9. On the other hand, the set 
of maxima on the columns is {6, 12, 8, —9}, so that the minimax is also —9. (See the 
table on top of the next page.) 

However, it must be acknowledged that this is just a fluke. What can be done in 
the case of games that do not allow of a solution like Chinese morra? Also in this case, 
Borel put forward a crucial idea. The idea was to allow the player not to make use of 




2.5. A crucial contribution to game theory 


43 



h 

ti 

G 

U 

Si 

-10 

0 

4 

-15 

S2 

4 

12 

1 

-10 

S3 

0 

1 

8 

-9 

S 4 

6 

11 

-11 

-12 


the available strategies with the same propensity. In order to represent this different 
consideration of the various strategies it is necessary to probabilize the strategic form, 
in the sense that the various strategies are adopted with the respective probabilities 

p\ . p,, for the first player and q\,..., q m for the second player. These are the 

so-called “mixed strategies” (reserving the name of “pure strategies” for those that 
are not probabilized). Correspondingly, the payoffs are weighted as a function of the 
probability with which the strategies are implemented. The attribution of a probability 
to the various strategies was, in Borel’s idea, the reflection of the player’s psychology 
and of his personal ability. 

As early as 1921 he realized that the use of mixed strategies allowed many 
games to be resolved in the sense that this use meant that minimax and maximin 
could be made equal. In other words, Borel managed to demonstrate, in a series of 
special cases, the theorem that - after the publication of von Neumann’s work on 
this subject - was known as the minimax theorem. However, Borel ruled out that 
any such theorem could be true in general, or that for all two-player zero-sum games 
the equality between minimax and maximin was valid in mixed strategies. Borel, 
even when he realized that in a series of cases that he had considered negative the 
theorem was valid, continued to adopt a generally negative attitude, in the belief that 
for a very large number of strategies it would be possible to demonstrate its falseness. 
Such an attitude is only apparently odd. Indeed Borel’s theory of games was aimed 
at dynamically analyzing the player’s psychology and not at ensuring a mechanically 
predetermined solution to the game. 

Von Neumann’s approach in this field took the opposite direction, that is, the 
search for a general solution within the framework of an axiomatic formulation. Let 
us defer for the time being the analysis of why and how he decided to take an interest 
in game theory, in order to give a summary description of the results he obtained 
and to characterize the conceptual aspects. It is a known fact that he presented the 
first results on the theory of parlour games to the Gottingen Mathematical Society in 
December 1926, when he was still a Rockefeller Foundation junior fellow. Towards 
the middle of 1927 he sent the journal Mathematische Annalen a manuscript that was 
published in 1928 (Neumann (von) 1928b). 

In this work he examines a zero sum competitive game between two persons 
and presents it in a mathematical formalization in which attention is focused on the 
strategic options of each player. As in the measurement process in quantum mechan¬ 
ics, time is considered as wholly compressed into the instant in which the game is 
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resolved. Therefore, it is not the dynamics of the game that is studied, but the con¬ 
ditions required to ensure existence of a solution in which there is a compatibility 
between the players’ goals aimed at minimizing losses and optimizing benefits, al¬ 
lowing oneself to be guided exclusively by a criterion of prudence. Furthermore, the 
players are conceived of as omniscient subjects, capable of knowing all their own 
possible strategies and those of their opponent, and of calculating the outcomes. 

The central result of this paper was to provide a general demonstration of the 
minimax theorem, naturally for mixed strategies, and his true masterpiece was rep¬ 
resented by the brilliant and wholly original demonstrative technique. The latter was 
based on seeking the solution to a given system of equations and inequations which 
was reduced to a topological problem. This allowed von Neumann to bring in 
Brouwer’s fixed point theorem. This theorem, demonstrated by Brouwer in 1910 
(Brouwer 1910), claims that, if we take a bicontinuous one-to-one transformation 
(a “homeomorphism”) of a solid sphere (or a ball) in itself, there exists at least one 
point on the ball that is transformed into itself, i.e., that remains “fixed” in the trans¬ 
formation. The demonstration of the existence of the minimax was reduced by von 
Neumann to a demonstration of the existence of a fixed point, which made it possible 
to draw on considerations that were relatively akin to Brouwer’s theorem. The demon¬ 
stration technique was the starting point for many subsequent developments and the 
use of fixed point theorems became a standard technique in a large number of applied 
mathematics fields, in particular in mathematical economics. Ten years later, the rela¬ 
tion between this proof and convex set theory was grasped and the minimax theorem 
was demonstrated in a much simpler and more direct fashion on the basis of this the¬ 
ory (Ville 1938), which allowed its field of application to be extended even further. 

The 1928 paper gave rise to a new game theory in axiomatic form, which dis¬ 
tanced itself from Zermelo’s approach in that it used the much more efficient ap¬ 
proach of the concepts of strategic form and pure and mixed strategies, and from that 
of Borel regarding the abstract and rationalist view that had pushed von Neumann 
in the opposite direction to that of the French mathematician, that is, to consider the 
validity of the minimax theorem as central. The difference with Borel may be con¬ 
sidered even more satisfactorily vis-a-vis the different way of interpreting the use of 
mixed strategies. 

The mixed strategy interpretations that have actually been presented can be re¬ 
duced to three categories (Dell’Aglio 1995): a frequentist category, that describes 
mixed strategies as the player’s mean behaviour with respect to a large number of 
plays; a psychological interpretation that aims at describing the player’s psychologi¬ 
cal behaviour and thus considers the assignment of a given probability to a strategy 
as the quantitative representation of the player’s choice process; a rationalist inter¬ 
pretation based on the consideration that, if a player plays regularly, his opponent can 
guess his intentions and therefore probabilization of the strategies is an effective way 
of concealing these intentions and thus satisfying the requirement of rationality. 

There is no doubt that Borel propended strongly for the psychological interpre¬ 
tation, and von Neumann for the rationalist one. 45 In his 1928 paper the latter pointed 
out that, by choosing a mixed strategy, the player «is protected against his opponent» 
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(Neumann (von) 1928b, see English translation, p. 23). For example, if this choice, 
between the two strategies, entailed attributing the value '/2 to each, «neither (not 
even he himself) could predict whether the choice was in favour of one or the other» 
(Ibidem). 

In conclusion, von Neumann’s approach was aimed at a normative theory - that 
is, a theory that sets the conditions in which it is possible to obtain a game solution 
that is compatible with a “rational” behaviour by both players - whereas Borel fol¬ 
lowed a decidedly descriptive approach. Von Neumann’s successful demonstration of 
the minimax theorem directed the theory towards the normative approach. 

Many years later one of Borel’s pupils, the French mathematician Maurice 
Frechet, raised a controversy against von Neumann, claiming that Borel preceded 
him in founding modern mathematical game theory (Frechet 1953a, b). Von Neu¬ 
mann’s response clearly revealed the divergence between the two points of view and 
the importance he attributed to the axiomatic approach (Neumann (von) 1953a). After 
acknowledging that Borel had been the first to introduce the concept of strategic form 
and of pure and mixed strategies, von Neumann pointed out that Borel had failed 
to found a theory of games as he had not believed in the minimax theorem. «There 
could be no theory of games without that theorem», he claimed, going on to add: «I 
developed my ideas on the subject before I read his papers, whose negative conclu¬ 
sion on the decisive point (the “minimax theorem”, which alone makes the concepts 
in question unambiguously useful) would have been primarily discouraging*. 

The latter considerations lead us to the issue of why and how von Neumann 
decided to concern himself with game theory. So far we have seen a von Neumann 
who had measured himself with ah the central themes of science of the time and that 
in all of them had shown himself to be capable of suggesting conclusive responses. It 
cannot be claimed that the theory of games was one of the principal issues of scientific 
opinion at the time, nor indeed was it ever at a later stage. 47 It may safely be said that 
von Neumann’s decision to concern himself with the theory of games was indicative 
of a genuine interest unaffected by any outside pressure from the dominant scientific 
paradigms. 


45) The frequentist interpretation was never considered by Borel; it was considered in only a few rare 
cases by von Neumann in his later works. 

46) Neumann (von) 1953a, 124. Note how deep rooted the divergence was, as Borel did not consider 
the demonstration of the minimax theorem to be a crucial step. As Robert Leonard correctly points 
out, «his unwillingness to sacrifice the mystery and delight of games for an elegant but inapplicable 
mathematics* is quite apparent (Leonard 1992,49). Indeed Borel pointed out in 1938 that also in the 
case of very simple games «the very task of writing the equations, for instance, without mentioning 
their solution, seems to be absolutely unfeasible* (Borel et al. 1938, 115). 

47) Even in our times the theory of games is not considered by mathematicians as a branch of central 
importance. Indeed its teaching is principally carried out in economics faculties, where it is actually 
even looked upon with suspicion by numerous economists. Several authors (see Mirowski 2002 
and relative references) have claimed to infer the centrality of game theory from the widespread 
observation that the Hilbertian view of mathematics was that of a gigantic “combinatorial game”. 
This was obviously only a simple metaphor without any precise reference to the theory of games in 
the strict sense, so that the argument is completely unfounded. 
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It can easily be seen that two factors were involved in the formation of this 
interest. The first is represented by the influence of the Hungarian mathematical en¬ 
vironment, as well as of course by Zermelo’s work. The second by a general interest 
by von Neumann in a rational management of social problems. 

As far as the first factor is concerned, there is strong evidence that von Neu¬ 
mann’s favourite interlocutors on the topic of the theory of games were his Hungarian 
compatriots Denes Konig and Laszlo Kalmar, depositaries, together with himself, of 
the logical-set-theoretic tradition of Gyula Konig. This is shown by the comments 
referring to collaboration with von Neumann made in articles they published in the 
review “Acta Scientiarum Mathematicorum” of Szeged in 1927 and 1928 (Konig, D. 
1927, Kalmar 1928). The most significant contribution by Denes Konig again referred 
to the game of chess and to collaboration with von Neumann: he demonstrated that 
the number of moves by means of which a player can force a win from a winning 
position is finite. Again many years after, Konig, in his book on the theory of graphs, 
explicitly and repeatedly referred to collaboration with von Neumann on these top¬ 
ics. 48 Clearly, these authors had adopted an axiomatic and abstract approach that was 
closer to von Neumann’s views. 

We have seen how the sophisticated Budapest environment in which von Neu¬ 
mann lived and in particular his family environment encouraged the idea that social 
and economic phenomena could be treated and managed using rigorous scientific 
methods. As has been said, there was a pre-existing tendency to consider a general 
idea of “game” capable of including other forms of interaction among subjects and 
not only limited to parlour games, although there had been no development worthy 
of note at the scientific and mathematical level. The fact cannot be considered of 
marginal importance that, in his 1928 article, von Neumann - of whose interest in 
the socio-economic sciences no previous trace can be found - pointed to the analogy 
between game axiomatics and microeconomic theory. Indeed he wrote that 

[...] any event - given the external conditions and the participants in the 
situation (provided that the latter are acting on their own free will - may 
be regarded as a game of strategy if one looks at the effects it has on 
the participants [...] this is the principal problem of classical economics: 
how is the absolute selfish homo oeconomicus going to act under given 
external circumstances (Neumann (von) 1928b, English translation, p. 1). 

This was no coincidence since, as his compatriot, Nicholas Kaldor, in a meeting that 
took place in 1927, bore witness, von Neumann expressed an interest in economics, 
being advised by him to read Uber Werte, Kapital und Rente (1893) by Knuth Wick- 
sell. Kaldor also narrates that von Neumann rapidly read the book and told him that 
the approach used in Leon Walras’ equations of economic equilibrium was inappro¬ 
priate as it could lead to negative prices. 49 Further witness is borne by the economists 

48) Konig, D. 1936. See on p. 116, note 1 and on p. 216, note 1. Again many years later von Neumann 
was among the few who recalled the work of Denes Konig (cf. Neumann (von), Morgenstern 1944). 

49) See Dore, Chakravarty, Goodwin (eds.) 1989. 
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Axel and Earlene Leijonhufvud who recall the intellectual life of Berlin in the late 
1920s and refer to a seminar organized by Leo Szilard in 1926 on the role of mathe¬ 
matics in other disciplines which was held by Jacob Marschak (Weintraub 1983, 13). 
This testimony coincides with that given by Marschak himself in a letter written in 
1973 to the science philosopher Michael Polanyi. 50 The seminar was attended by, 
among others, Polanyi, Wigner and von Neumann. When von Neumann saw the pre¬ 
sentation of the equations governing supply and demand he intervened vehemently, 
claiming that it was necessary to replace the equations with inequations as the pur¬ 
chaser would at best have offered a given price and the seller would have demanded 
at least a given price. 

It is therefore quite evident that the 1928 work on game parlour games was 
accompanied by a maturation of what would become a Leitmotiv in von Neumann’s 
thinking: his interest in economic topics, the idea that the mathematization of eco¬ 
nomics must follow a completely new and original path compared with that proposed 
by the methods of classical analysis, the idea that the theory of games could repre¬ 
sent the basic nucleus of a new mathematics which could be used to describe social 
processes. Since this project was completed in the 1940s, in the book written in col¬ 
laboration with Oskar Morgenstem, Theory of games and economic behaviour, we 
shall postpone the description of his research in this field to a later chapter. However, 
it is important to note here that already in 1932 von Neumann presented at a seminar 
at Princeton a second work that represented a direct development of the preceding 
one. This link could escape notice, because he published this second contribution 
only in 1937 (Neumann (von) 1937). 

This second work contains a mathematical model of production and aims at 
determining its equilibrium. What is impressive is the fact that the mathematical ap¬ 
proach adopted represents a natural development of the approach that he had chosen 
in his 1928 paper on parlour games: the problem of equilibrium is reduced to a min¬ 
imax problem and fixed point topological methods are used in its solution. However, 
since the “functions” involved prove to be multivalued correspondences, von Neu¬ 
mann generalizes Brouwer’s theorem to take this circumstance into account. It is 
interesting to note that von Neumann himself later presented this result as a “gener¬ 
alization” of the minimax theorem contained in the 1928 work (see Neumann (von) 
1953a). 

Von Neumann’s research on parlour games and production in this period is par¬ 
ticularly significant, for two main reasons. 

Firstly, it reveals a fundamental aspect of his thinking, namely his conviction 
that mathematics could escape an exclusive relationship with physical sciences and 
address all kinds of problems, including the rational treatment of social problems, 
particularly of an economic nature. There clearly emerges a very strong faith in the 
universal value of mathematics, a true panmathematical view of the real world. 

Secondly, this early research shows his astonishing ability to work out radically 
new tools compared with those of classical mathematics for the purpose of mathema- 


50) Cit. in Mirowski 2002, 102. 
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tizing any kind of situation and, in particular his early interest in combinatorial and fi¬ 
nite schemata. Commenting on von Neumann’s scientific personality, Jean Dieudonne 
claimed that 

his genius lay in analysis and combinatorics, the latter being understood 
in a very wide sense, including the uncommon ability to organize and ax- 
ion latize complex situations that a priori do not seem amenable to math¬ 
ematical treatment, as in quantum mechanics and the theory of games 
(Dieudonne 1976, 89). 

During the 1930s, von Neumann concentrated mainly on the developments of func¬ 
tional analysis. The ability described by Dieudonne, and which had already been out¬ 
standingly displayed during the Gottingen period, was later to be expressed in full. As 
his colleague Ulam asserted, «the influence of his work on mathematical logic later 
emerged in his discoveries concerning projects for calculating machine logic» (Ulam 
1958, 14). 

In this early phase of his researcher’s career, von Neumann enjoyed a brilliant 
scientific success. His characteristic scientific outlook and his multifarious interests 
already stood out clearly. His mathematician’s and scientist’s personality was formed 
in those years: it was to be expressed to the full in development of the various research 
topics of his intense scientific activity in the United States. The cultural legacy of John 
von Neumann to contemporary thought was the fruit of a maturing scientific outlook 
that we shall describe in the following chapter. 



Chapter 3 


A Mathematician Between 
Past and Future 

3.1 Continuity and evolution in 
von Neumann’s thought 

It may seem odd, at this stage, well before the end of this book, to find a chapter 
summing up von Neumann’s scientific thought. To tell the truth, this chapter will 
in no way exhaust the analysis of the scientific conceptions of our protagonist. On 
the contrary, this analysis will represent the main thread running through the rest of 
the book. However, precisely at this point, that is, on the eve of a crucial passage 
in his life, namely his move to the United States, it seems necessary to scrutinize 
the ideas and views with which he prepared to make this transition. This will allow 
us to examine in greater depth and understand more fully the significance of all the 
subsequent developments. 

Our choice could be criticized if it could be demonstrated that a gap or signifi¬ 
cant turning point occurred in his thought after his move to the United States. In such 
a case we could not hope for more than to present a summary of his previous views 
and then to show their diversity and discontinuity with the later ones. 

Indeed several attempts have been made to identify points of discontinuity and 
even of rupture in his thought and his scientific work (especially in Mirowski 2002). 
In our view these are neither convincing nor well grounded. Of course, it is quite 
easy to identify several phases in his life marking changes in both his ideas and prac¬ 
tice, and it is easy to make a list of them. We have seen how his contact with the 
Gottingen environment and with Hilbert was crucial to the formation of the young 
scientist, together with the multiple relations he entertained with the extremely rich 
European science of the late 1920s and early 1930s. The crisis in the Hilbertian for¬ 
malist program certainly represented one of the most dramatic and influential events 
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regarding the evolution of von Neumann’s ideas. Moreover, we shall also see the 
novelty represented by his introduction into the Princeton environment, and it is un¬ 
deniable - this is without doubt the most important aspect - that all the developments 
that increased his fame took place after the end of the 1930s: his interest in numerical 
calculus, the construction of digital computers, the numerous applications of mathe¬ 
matical modeling to many branches of science and technology (military and industrial 
problems, meteorology, game theory, to mention but a few) and lastly automata the¬ 
ory. No precedents to these developments can be found in his “European” scientific 
work, so that they may be considered as something essentially new. 

And yet, on close examination, all these aspects and novelties appear less as 
discontinuities, than as evolutions and transitions, as innovative as you like, but al¬ 
ways systematically dominated by a personality founded on a very strong scientific 
view which surprisingly seems to have been formed and consolidated starting in the 
late 1920s. In Chapter 4 we shall see how America was the ideal soil which allowed 
the prodigious blossoming of a large number of new and highly original activities, the 
ideal terrain for the full development both of his scientific outlook and his practical 
tendencies. However, although fertile, the soil could not create the plant which, to 
pursue the metaphor, was much than a seed or a young shoot: von Neumann was a 
young scholar whose views and aims were already fully formed. In general, when we 
examine his intellectual itinerary, his contribution and legacy seem to far outweigh 
what he received or the influences he was subjected to. Nor would we expect any¬ 
thing different for a scientist who had had such a profound influence, like very few 
others, on twentieth century science and technology. 

Attempting to identify the unitary core of von Neumann’s thought takes us back 
to the years of his early youth, in which there already appears to exist a vision of ex¬ 
traordinary power and evidence that we could define as a panmathematical world 
view. Let us explain what is meant by this. “Panmathematicism” is not the classical 
Galilean idea according to which the physical world has been written (by God) in 
mathematical language, leaving it as a task for the scientist to decipher this writing 
in order to discover the essence of reality and the laws established (by God) and di¬ 
recting its course. This is both much less and much more at the same time. Much 
less because at no time is it possible to perceive in him any metaphysical, ontolog¬ 
ical conception of the role of mathematics, as is the case for Galileo. For von Neu¬ 
mann, mathematics is a language: the privileged language of logic, not the language 
of reality: it is the most effective tool for analyzing reality, not the essence of reality 
itself. But what is important is its efficacy: even when understanding of the regular¬ 
ities that apparently govern nature seems to be blocked by insuperable obstacles, it 
is essential that these obstacles be expressed in mathematical terms. Moreover, this 
(non-ontological) panmathematicism is more pervasive than the Galilean view, as it 
is not restricted to the physical world but projects its constructs onto all other aspects 
of reality: in particular, onto the living world and the world of social relations. The 
idea that mathematics can extend its field of action to embrace phenomena other than 
physical ones had been championed by a number of scholars, and in particular by 
members of the Vienna Circle, although it still mustered little support in the scientific 
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world in the years between the two world wars (Israel 1996a, 2002,2004b). Neverthe¬ 
less, this idea emerges already clear in von Neumann’s work on game theory and on 
mathematical economics - published in two papers that we have considered in the fi¬ 
nal section of Chapter 1. Moreover, the modelling approach followed in these works - 
which we will have the occasion to illustrate shortly - represents another original and 
fully formed characteristic of his thought which already distinguishes it from Hilber- 
tian outlook, which was still based on a reductionist view (Israel 1996a, 2004a). 

Von Neumann’s almost unbounded faith in mathematics, his tendency to ana¬ 
lyze every aspect of the real world in logico-mathematical terms, represents the strong 
nucleus of his thought and is the key he used to overcome even the critical stages of 
his scientific itinerary, such as the crisis of the Hilbertian programme. There is no 
doubt that this event, through the revelation represented by Godel’s theorem, was 
one of the most dramatic shifts in von Neumann’s intellectual itinerary, perhaps the 
only one that could be used to explain a discontinuity. Indeed, on this occasion, he 
changed his mind substantially. However, the crux of the matter is that, although he 
was compelled to give up a research program in which he had believed, he felt in no 
way compelled to give up his belief in the axiomatic method and thus in the universal 
value of abstract reasoning methods. Quite the contrary. Confidence in the axiomatic 
method as the only way out of the crisis was boosted by this event. For this reason, it 
is absolutely incorrect to speak of a gap in von Neumann’s thought. 51 

A similar argument may be advanced for what is sometimes considered as the 
other great turning point, namely, his involvement in applied mathematical research 
in the military field and in numerical analysis, computers and automata. It is con¬ 
ceptually incorrect to oppose an initial phase mainly dedicated to “abstract”, “pure” 
research to a second, more “concrete” and “empirical” phase. 52 There is no doubt 
that, towards the end of the 1930s, and above all as a consequence of his engagement 
in the military sector, von Neumann’s concern shifted substantially towards applied 
science and technical-practical issues. William Aspray has traced interesting attesta- 

51) As already pointed out (cf. note 38) this is an error made by Philip Mirowski (in Mirowski 2002 
and 1992), probably because of the confusion between the Hilbertian formalist program and ax- 
iomatics: the latter is not a program but a concrete mathematical research practice rooted in the 
nineteenth century that Mirowski neglects as such and that it makes no sense to define as “Hilbert’s 
program". This confusion led Mirowski to make bizarre statements such as the following one: «von 
Neumann’s early work on game theory was prompted by questions thrown up by Hilbert’s program 
on the formalization of mathematics* (Mirowski 2002, 108). It is almost superfluous to say that a 
demonstration of the self-consistency of mathematics has nothing to do with game theory. 

52) Mirowski also falls into this error when he interprets von Neumann’s transition towards a predomi¬ 
nant interest in applications as an epistemological break in his thought (Mirowski 2002). In general, 
Mirowski’s book consists of a vast and extremely useful collection of materials and documents, as 
well as of assessments - some of which we share, such as the contrast he establishes between von 
Neumann’s game theory and Nash’s. But its main shortcoming is that it is not a history book. What 
Mirowski proposes is instead a rational reconstruction of history in order to show the truth of a pre¬ 
set thesis. The key to this rational reconstruction is the concept of “cyborg science", which is only 
vaguely defined, artificial and totally unsuitable for framing the historical developments examined, 
while it clearly corresponds to the author’s intention to criticize certain trends in twentieth century 
economics. As every rational reconstruction it has almost nothing to do with reality and only the 
author’s ideological constructs emerge. 
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tions of von Neumann himself, in which he speaks about a different, “impurer” man. 
In a letter of May 1943 from England he wrote: 

I think I see clearly that the best course for me at present is to concentrate 
on Ordnance work, and the Gas Dynamical matters connected therewith. 

I think that I have learned here a good deal of experimental physics, par¬ 
ticularly of the Gas Dynamical variety, and that I shall return a better and 
impurer man. 

Moreover, he stated in an address of 1955: 

... it was through military science that I was introduced to the applied 
science. Before this I was, apart from some lesser infidelities, essentially 
a pure mathematician, or at least a very pure theoretician. Whatever else 
may have happened in the meantime, 1 have certainly succeeded in losing 
my purity. 

However, this testimony tells us about a change in scientific practice and in the object 
of the research, but nothing about the way, the method, the conceptual approach with 
which he tackled new research fields. Nothing here authorizes us to infer that the at¬ 
traction felt for new directly applied research themes was accompanied by a neglect 
of an axiomatic-abstract approach in favour of an empiricist approach. In actual fact, 
things are quite the opposite. As we shall see later, the originality of his approach 
- and the basis of its efficacy - consists precisely in having proposed the abandon¬ 
ment of an empiricist approach in technical and operating problems; and his great 
contribution - which extended far beyond the generic defense of theoretical science 
as the basis of success in applications fields - was precisely to have made available 
new theoretical tools for dealing with problems in a wide range of sectors. Whether 
in the held of computers, automata or weather forecasting, he suggested leaving aside 
the classical “practical” and “concrete” views that had hitherto dominated - and hin¬ 
dered! - development in these sectors and instead to start from a logical-formal for¬ 
mulation, that is, from abstract mathematical models. At the same time as he waxed 
enthusiastic over the problem of automatic calculus, he did not acquiesce to the ap¬ 
proach hitherto adopted which consisted of improvements obtained by tinkering with 
the existing machines, but placed the power of the axiomatic approach at the centre 
of focus: it was first necessary to formulate the computer’s logic in abstract terms 
before concerning oneself with the construction of a machine that implements this 
logic. Likewise, the equations of the dynamics of the atmosphere come first and are 
followed by their application to concrete forecasting processes. And so on. 

53) Neumann (von) to Veblen, May 21 1943, O. Veblen Papers, Library of Congress, quoted in Aspray 
1990, 27 ff. 

54) These words quoted by William Aspray from the JNLC are part of a testimonial for Robert Kent, a 
researcher in the Army Ballistics Research Laboratory in Aberdeen (Maryland) (Aspray 1990, 26; a 
joint paper is Neumann (von), Kent 1940, and on von Neumann’s collaboration with the Aberdeen 
Laboratory see below. Chapter 5). 
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Of course - and we repeat this - the new context of his work in the United 
States allowed him to discover the possibility of applying mathematics concretely - 
very concretely. However, this represented above all an outright triumph of the ab¬ 
stract axiomatic method in mathematics. Indeed, in this way, it was shown that this 
method effectively underlay a theoretical approach also in the technical and practical 
field: what military art, industrial practice, weather forecasting and calculating ma¬ 
chines had once been were now becoming fields of applied science which adopted 
the language and conceptions of mathematics. For von Neumann this involved the 
attainment of an old objective, and certainly the “loss of his purity” did not mean that 
he was following a direction opposite to the preceding one. 

It is this fundamental continuity that gives meaning to the attempt to outline the 
features of von Neumann’s scientific conception before setting about describing the 
most extraordinary and innovative phase of his life, which took place in America. 


3.2 Axiomatics and the twentieth century 
renewal of mathematical practice 

As we have seen, in the early twentieth century, the Gottingen school set about mak¬ 
ing a profound transformation of mathematics. The axiomatic approach strongly en¬ 
couraged by Hilbert was not a simple contribution to the debate on the foundations 
of mathematics: this contribution, as represented by the “formalist” programme, al¬ 
though important, was certainly ephemeral. By far the most influential aspect was 
the process of radical reorganization of mathematical practice stimulated by the ax¬ 
iomatic approach and of which the Gottingen school was the most conscious inter¬ 
preter. One of the main products of this approach was the development of “modern” or 
“abstract” algebra. The efforts made to reconstruct and develop nineteenth century al¬ 
gebraic theories - such as the theory of groups or the theory of fields, both arising out 
of the problem of the solution of algebraic equations, whose most brilliant expression 
was embodied in Galois’ theory - and the introduction of new abstract structures, 
radically modified both the conception and the role of algebra. In 1931 the Dutch 
mathematician Bartel Leendert van der Waerden, who had worked at Gottingen un¬ 
der the direction of Emmy Noether, published a text book, Modeme Algebra, which 
set forth a systematic treatment of the contributions of thirty years of research in al¬ 
gebra, also with a view to encouraging its inclusion in university syllabuses (Waerden 
(van der) 1931). This book was a milestone that marked the consolidation of this new 
branch of mathematics, the decline of the intuitive geometric approach and with it, 
the end of the central position occupied by geometry in classical mathematics. 

A further development of this tendency was the rise in France, during the period 
of World War II, of the so-called “Bourbaki” movement. 55 French mathematics in the 
1920s and 1930s had not followed the axiomatic trend and had remained attached to 

55) On the Bourbaki movement, see: Israel 1977, 1978; Corry 1992. 1996, 1997; Beaulieu 1990; Aubin 

1997; Mashaal 2006. 
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the idea of centrality of the theory of functions and the relationship between analy¬ 
sis and physical mathematics. It had consequently completely lost the leading role it 
had played in the nineteenth century and had indeed suffered a severe decline in the 
context of international research. 56 One important attempt to re-establish the links 
between French mathematics and new research trends was the Paris Seminar directed 
by the French mathematician Jacques Hadamard. Although not enough to stem the 
decline, this initiative encouraged a group of young and brilliant mathematicians to 
group together under the pseudonym “Nicolas Bourbaki” (this pseudonym was ap¬ 
parently taken from the name of one of Napoleon’s generals, Nicolas Bourbaki). 

The group’s primary aim was to disseminate the new axiomatic and algebra- 
based ideas. To this end, work was started on publication of a monumental treatise 
entitled Elements de mathematique. The purpose of this book, the centre of elabora¬ 
tion of which was the seminar cycles that gathered together the members of the group, 
was to reconstruct the entire edifice of mathematics on axiomatic bases, putting to¬ 
gether the innovative work of mathematicians in the past decades, and to provide a 
twentieth century equivalent of Euclid’s Elements. The project drew its inspiration 
from the Hilbertian model of the Foundations of geometry, although it went much 
further. The “bourbakists” actually did not stop short at axiomatization of individual 
theories or, to use their terminology, to the consideration of “univalent” axiomatics, 
i.e., applicable to a single theory, as in the case of the Hilbertian axiomatization of 
Euclidean geometry: their objective was, through the process of axiomatization to 
invest the whole edifice of mathematics, starting from the foundations (set theory). 
A crucial tool of this process was the concept of mathematical structure. According 
to the “bourbakists”, the whole of mathematics could be reduced to the interweav¬ 
ing of three fundamental axiomatic structures: algebraic structures, order structures 
and topological structures. These ideas reached their height in the 1950s and 1960s, 
although they had already been illustrated in the “bourbakist” manifesto, “The archi¬ 
tecture of mathematics” (Bourbaki 1948). 

These profound changes in the discipline had other important consequences. 
The abstract axiomatic approach led to a standardization of the methods, content and 
language of mathematical research that encouraged the spread of an international- 
istic spirit, which recovered the ancient universalistic spirit of mathematics through 
gradual dissolution of the national styles that had dominated nineteenth century math¬ 
ematical “schools”. 57 The central role of the national mathematical communities typ- 

56) One joint cause of this decline was also the massive death rate of young French scientists (especially 
mathematicians) in the front line during World War I. 

57) See Parshall 1996. which summarizes the numerous national cases examined in recent years. The 
historical analysis of the rise and fall of the national schools has yielded an improved knowledge of 
the relationship between mathematics and culture in the nineteenth century. Nevertheless it may be 
considered a transient phase in a historical evolution dominated by the universal and transnational 
nature of the discipline that is now widespread in the world of mathematics; it was not born at that 
time, as Parshall claims, but was reconstructed in the early twentieth century thanks to the link up 
among national experiences (as is actually described correctly in the article). The persistence of the 
universalistic ideal is quite clear in one of the emblematic events of this process, that of the Palermo 
Mathematical Club, the Circolo matematico di Palermo (Brigaglia, Masotto 1982). 
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ical of the later nineteenth century was replaced by a tendency to encourage contacts 
and to disseminate information at the international level. Even though the aftermath 
of World War I hindered this trend, it nevertheless became an unstoppable process. 
Even the nationalism that emerged between the two wars paradoxically ended up 
by favouring this process: the disintegration of the Gottingen school under nazism 
spread throughout the world, through the migration of practically all its exponents, 
the knowledge of a research practice that was to become a generalized model. 

Another important consequence was a transformation of the relationship be¬ 
tween mathematics and the other sciences, and of the relationship between pure and 
applied mathematics. At the beginning of the century, the crises affecting a number of 
scientific disciplines, and which shook their very foundations, led to a breakdown in 
the unitary fabric of science; a fragmentation and a specialization of research began 
to spread through the scientific community, partly as a result of the extraordinary de¬ 
velopment of specific new branches and of an astonishing increase in the number of 
professional scientists. The increasing complexity and scattering of scientific activity 
did not prevent a profound need for the unification of research to continue to be felt in 
many scientific circles, not only in the natural sciences but also in the social sciences. 
The debates within the Vienna Circle, which were to have a strong influence on sci¬ 
ence scholars, and in particular on many German researchers in the field of quantum 
mechanics, were focused intensely on this topic. One of the main initiatives of the 
Circle was the organization of an international movement for the unity of science, 
in which researchers working in a wide range of different fields participated, for in¬ 
stance the Polish school oflogic, the Italian review Scientia, the American pragmatist 
school, the newborn analytical philosophy, the school of logical conventionalism and 
of course that of neopositivism or logical positivism, directly inspired by the Circle. 
This movement promoted a number of congresses as well as the project of an Inter¬ 
national encyclopaedia of unified science, which was continued when the war ended. 

What was the role played by mathematics in this context? The traditional view 
of the relationship between mathematics and reality based on the model of Newtonian 
mechanics was affected by an irreversible crisis. This view was based on the princi¬ 
ple of mechanical reductionism, that is, on the idea that every phenomenon can be 
“reduced” to a description given in terms of motion processes. The scientific analysis 
of each complex of phenomena was guided by the method of mechanical analogy, 
that is, by the representation (or restating) of this set of phenomena as a mechanical 
scheme; and, in mathematical terms, it was based on the use of classical mathematical 
analysis (differential and integral calculus and the theory of differential equations). 
In the 1920s, Vito Volterra made a further attempt to apply this reductionist scheme 
to the mathematical study of a complex of biological phenomena involved in popula¬ 
tion dynamics (Israel, Millan Gasca 2002, Israel 1988, 1991). However, the general 
trend was towards replacing this approach with a more flexible one of mathematical 
analogy based on the attempt to find abstract, not necessarily mechanical, mathemat¬ 
ical descriptions that could be applied to even widely differing situations belonging 
to domains as far apart as physics, chemistry, biology or economics. This kind of de¬ 
scription - mathematical models - made it possible to unify differing phenomena on 
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the plane of a purely linguistic-formal analogy provided by the mathematical scheme. 
According to the expression used in the bourbakist manifesto, it was a question of 
constructing «mathematical models, abstract schemata of possible reality» (Bourbaki 
1948, 46). Confidence in mathematics as a tool for investigating reality began to take 
on decidedly idealistic traits: 

In the axiomatic conception, mathematics actually behaves as a reser¬ 
voir of abstract forms - the mathematical structures; and it is true that - 
without knowing exactly why - certain aspects of experimental reality are 
shaped into several of these forms, as though by a kind of preadaptation. 

It is undeniable, of course, that the majority of these forms originally had 
a well-defined intuitive content; however, it is precisely by deliberately 
emptying them of this content that it has been possible to realize all their 
potential effectiveness, and enable them to be interpreted in new ways and 
to completely fulfill their elaborating role , 58 

Clearly this approach abandoned the classical conception of the relationship bet¬ 
ween experiment and mathematical description, drastically reducing the initially cen¬ 
tral role of the empirical verification of mathematical theories. Furthermore, for re¬ 
searchers drawing inspiration from this conception, empirical problems ceased to be 
the main source of identification of mathematical problems, thus introducing a dis¬ 
tinction inside mathematics between “pure” mathematics, guided by completely in¬ 
ternal criteria, and “applied” mathematics, based on problems raised by technology 
or by practical activities (such as finance, management and so on). 

It is worth emphasizing another aspect of the intellectual horizon of the philo¬ 
sophical-scientific discussions at the beginning of the twentieth century which will be 
treated in greater detail in the following section. The discussion of the foundations of 
mathematics seemed to have definitively been closed after the proof of Godel’s theo¬ 
rem, which demonstrated the impossibility of further pursuing the formalist project. 
This theorem abruptly extinguished the interest of many mathematicians, including 
von Neumann, in the question of foundations. In the 1940s and 1950s, the philosophy 
of mathematics did not identify any new problems with which to replace the question 
of foundations, so that the majority of mathematicians and philosophers continued to 
identify the philosophy of mathematics with the theory of the foundations of math¬ 
ematics, or with mathematical logic. As a consequence of this state of affairs and 
of a pragmatic interpretation of the axiomatic method - to which, as we have seen, 
a decisive contribution was made by von Neumann himself - the majority of math¬ 
ematicians lost interest in the philosophical aspects of the discipline. Mathematical 
logic, on the other hand, developed topics arising out of this context and became an 
actual specialist discipline, mid-way between philosophy and mathematics, as well 
as engaging in an intense interaction with computer science. Lastly, in the philosoph¬ 
ical field, the echo of the discussions of logic and the foundations of mathematics 

58) Bourbaki 1948. 46-47. On the origins of mathematical modelling and its epistemological features 
see Israel 1996a and 2002. 
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helped to bring into the foreground, starting from the Vienna Circle contributions 
and Wittgenstein’s work, the problem of the analysis of language, which led to the 
development of analytical philosophy. This mathematics-based philosophy enjoyed 
an extraordinary expansion in the second half of the 20th century. It belongs to the 
postmodern school of thought, which held that several of the great issues of classi¬ 
cal philosophy were insignificant in that they were “metaphysical” and thus set them 
aside. The emphasis laid by many mathematicians on mathematics as a language and 
as a formal and analytical tool appeared to be consistent with this approach. 


3.3 Von Neumann’s conception of mathematics 

The writings in which von Neumann expresses his conception of mathematics all date 
to the postwar period. However, the influence of his previous cultural background is 
revealed by the vivid and intense impressions he communicated of the years leading 
up to World War II. In 1947, in a collection of essays entitled The works of the mind, 
he published a now famous discussion concerning the nature of intellectual endeav¬ 
our in the field of mathematics, under the title of “The mathematician”. Developing 
his ideas concerning rigor in mathematics in relation to the problem of the role of 
mathematics as a knowledge tool, he gave a detailed description of the quarrel over 
the foundations of mathematics, which he concluded with the following comment, 
which clearly illustrates how he felt at the time: 

I have told the story of this controversy in such detail, because I think 
that it constitutes the best caution against taking the immovable rigor of 
mathematics for granted. This happened in our lifetime, and I know myself 
how humiliatingly easily my own views regarding the absolute mathemat¬ 
ical truth changed during this episode, and how they changed three times 
in succession! (Neumann (von), 1947a, in JNCW, vol. 1, 6) 

A similar comment appears in “The role of mathematics in science and society”, 
which forms the text of an address delivered at the 4th conference of the association 
of Princeton Graduate Alumni several years later, published in 1954. 59 In both these 
documents the central issue is whether mathematics has or has not an empirical na¬ 
ture, its relationships with the natural sciences, and more in general, with any science 
that interprets experience at a higher level than the purely descriptive level. We shall 
discuss von Neumann’s point of view on these topics in the following, but first it is 
necessary to say something about the meaning and importance of the first great con¬ 
tributions that von Neumann made to mathematics and science, that is, in the course 
of his European career. 

We have repeatedly emphasized that the early and intense interest shown by the 
young von Neumann in topics related to mathematical logic strongly influenced the 
way he was later to approach other research issues. His first important contribution 


59) Neumann (von) 1954a. We shall come back to this short essay in the next section. 
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to the axiomatization of set theory was related to his unshakeable confidence in the 
possibility of approaching a wide range of topics in axiomatic and abstract terms; this 
confidence was reinforced by the brilliant contribution he made to the foundations of 
quantum mechanics and the no less brilliant proof he gave of the minimax theorem in 
game theory, which was to open up for researchers exciting possible applications to 
a wide range of problems extending well beyond the classical field of exact sciences. 

This confidence was so solid that it was not affected by the negative parabola 
of Hilbert’s formalistic programme and of the more general project of a logical re¬ 
founding of mathematics, and by the disappointment that von Neumann felt over 
this failure. Shrugging off this phase, he maintained a firm anti-intuitionist position 
and became the champion of that vast majority of mathematicians who succeeded in 
overcoming the crisis of those projects by vehemently confirming their allegiance to a 
research practice consolidated by a long tradition and many successes. It is interesting 
to follow his thoughts on this subject. 

In the late nineteenth and the early twentieth centuries a new branch of 
abstract mathematics, G. Cantor’s theory of sets, led into difficulties. That 
is, certain reasonings led to contradictions; and, while these reasonings 
were not the central and “useful” part of set theory, and always easy 
to spot by certain formal criteria, it was nevertheless not clear why they 
should be deemed less set-theoretical than the “successful” parts of the 
theory. Aside from the ex post insight that they actually led into disaster, it 
was not clear what a priori motivation, what consistent philosophy of the 
situation, would permit one to segregate them from those parts of set the¬ 
ory which one wanted to save. A closer study of the merits of the case, un¬ 
dertaken mainly by Russell and Weyl, and concluded by Brouwer, showed 
that the way in which not only set theory but also most of modern math¬ 
ematics used the concepts of “general validity ” and of “existence ” was 
philosophically objectionable. A system of mathematics which was free 
of these undesirable traits, “intuitionism”, was developed by Brouwer. In 
this system the difficulties and contradictions of set theory did not arise. 
However, a good fifty per cent of modern mathematics, in its most vital 
- and up to then unquestioned - parts, especially in analysis, were also 
affected by this “purge”: they either became invalid or had to be justified 
by very complicated subsidiary considerations. And in this latter process 
one usually lost appreciably in generality of validity and elegance of de¬ 
duction. Nevertheless, Brouwer and Weyl considered it necessary that the 
concept of mathematical rigor be revised according to these ideas. (Neu¬ 
mann (von) 1947a, in JNWC, vol. 1, 5) 

According to von Neumann, the majority of mathematicians continued to violate 
these new standards of rigour, and did their mathematics following the old practice, 
probably hoping that someone would sooner or later find an answer to the intuitionist 
criticism. Here is the description von Neumann gives us of the situation caused by 
Godel’s theorem: 
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The main hope of justification of classical mathematics - in the sense 
of Hilbert or of Brouwer and Weyl - being gone, most mathematicians 
decided to use that system anyway. After all, classical mathematics was 
producing results which were both elegant and useful, and, even though 
one could never again be absolutely certain of its reliability, it stood on 
at least as sound a foundation as, for example, the existence of the elec¬ 
tron. Hence, if one was willing to accept the sciences one might as well 
accept the classical system of mathematics. Such views turned out to be 
acceptable even to some of the original protagonists of the intuitionistic 
system. At present the controversy about the “foundations ” is certainly 
not closed, but it seems most unlikely that the classical system should be 
abandoned by any but a small minority. (Neumann (von) 1947a, in JNWC, 
vol. 1, 6) 

These words describe the way in which the crisis of the Hilbertian program caused 
by Godel’s theorem was “metabolized” by the mathematical community and the pre¬ 
vailing feeling that spread, establishing a new form of confidence in the practice of 
the discipline. Confirmation is forthcoming in the words of a mathematician with a 
highly different profile from that of von Neumann, even though he shared the same 
confidence in axiomatics: Jean Dieudonne, one of the leaders of the “bourbakist” 
movement, an emblematic representative of the “pure mathematician” of the mid 
twentieth century. This is what Dieudonne wrote in 1951, describing feelings that 
were practically identical to that described by von Neumann: 

For us, all the axiomatic theories are placed on the same plane: therefore 
we deem unacceptable the intuitionists’ objection that the rules of logic 
and of set theory could only be applied to mathematical entities to which 
they have attributed a privileged “concrete” character (such as whole 
numbers), and not to those considered by an axiomatic theory whatever. 

The modern mathematician thus feels his conscience is perfectly clear and 
is no longer concerned with all the pseudo-problems with which his pre¬ 
decessors were obsessed. Classical logic and classical set theory form¬ 
ing the basis of his language have long since been systematized so as 
to respond to all his needs, completely exorcising the “paradoxes” that 
terrified Cantor’s contemporaries. The actual monster Contradiction, so 
persistently brandished by Poincare against axiomatics, lost its fearful as¬ 
pect: for us, to observe that a theory, whose axioms are A, B and C, is 
contradictory, simply means demonstrating the “non C ” proposition in 
the theory whose axioms are A and B; from this point of view, it may 
be claimed without paradox that, for the mathematician, it is more in¬ 
teresting to prove mathematically that a theory is contradictory (which 
is a theorem), than to demonstrate metamathematically that em it is not 
(which simply means that there is no hope of ever demonstrating math¬ 
ematically that the theory is contradictory). All the issues such as the 
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non-contradiction of theories, the Entscheidungsproblem, and in general 
everything related to proof theory now belongs to a science that is totally 
detached from Mathematics, Metamathematics; this new discipline is con¬ 
stantly developing and has already yielded numerous new and highly in¬ 
teresting results; however, it is perfectly legitimate for the mathematician 
to ignore them completely without this in any way impeding him in his 
research. [...] 

The great critical reappraisal that followed the 1900 crisis has established 
relatively solid bases that allow us to feel quite immune from this danger 
[the danger that philosophers can defeat mathematicians reasoning from 
the inside ]. (Dieudonne 1951, 51-52) 

It has been said that this pragmatic view, in the held of both physics and mathematics, 
was actually based on a “metaphysical” conviction of the “validity” (in a somewhat 
ill-defined meaning of the term) of these knowledge systems: a view and a convic¬ 
tion that were reinforced by the systematic use of the axiomatic approach. Despite 
the failure of Hilbert’s formalistic programme, his source - the idea of axiomatiza- 
tion - had proved to be the key to banish the “monsters” standing in the way of the 
triumphant march of the “exact” sciences (at least on a pragmatical plane). Von Neu¬ 
mann had made a decisive contribution to driving these monsters away from the basic 
ground of mathematics: the axiomatization of set theory had represented a fundamen¬ 
tal step in that process of “systematization” that was capable of “responding to all the 
mathematician’s needs, totally exorcising the ‘paradoxes’ that terrified Cantor’s con¬ 
temporaries”, to use Dieudonne’s words. But von Neumann had been the author of a 
similar operation in quantum mechanics, which allowed the continuity with classical 
mechanics to be preserved. He had made a careful and thorough study of the emer¬ 
gence of chance and indeterminism and the probabilistic interpretation of quantum 
mechanics, and his work in refounding this theory had allowed him to introduce some 
control over these aspects, which was rigidly exercised by the axiomatic theoretical 
presentation. This result represented the acme of an effort to retain the classical image 
of science as the depository of the truth of the physical world, capable of expressing 
this truth by means of deterministic laws. 


3.4 The language of mathematics and determinism 

A more precise idea of the operation carried out by von Neumann, which formed the 
basis of the immense prestige and influence he enjoyed in the twentieth century scien¬ 
tific world, may be obtained by considering that the impact of his work on the mathe¬ 
matical foundations of quantum mechanics extended beyond the confines of quantum 
theory and actually had the effect of plugging the gaps in classical mechanics, which 
seemed irreparable at the beginning of the century. His role was to restore confidence 
in the idea that determinism (that is, the principle according to which the state of a 
system at any given instant in a univocal and rigidly causal way “determines” its evo- 



3.4. The language of mathematics and determinism 


61 


lution in time) still had an important function in scientific epistemology; as a result, 
for a long time, debate on this topic attenuated. Only in more recent times - starting 
in the 1960s - was there further discussion on the validity of determinism, after the 
discovery of “chaotic” processes which, although deterministic, are unpredictable - 
or at least the cost of their predictability increases exponentially. 

We shall not go into the conceptual confusion as a result of which an absolutely 
disproportionate anti-deterministic importance was attributed to the discovery of de¬ 
terministic chaos, almost as though it represented the destruction of causalism from 
the inside (Israel 2005). We shall merely point out that, in actual fact, many of these 
issues - which have aroused an attention that is not always completely lucid, not only 
in the scientific world, but also in philosophical and intellectual circles in general - 
had been identified at the end of the nineteenth century by eminent scientists pre¬ 
cisely in the context of classical mechanics. For example, the concept of irreversibil¬ 
ity and the implications of the second law of thermodynamics were pointed out by 
Ludwig Boltzmann and Max Planck, but these issues remained within the confines 
of physics until Ilya Prigogine brought them to the attention of the entire scientific 
community. 60 Poincare himself had already investigated the problem of dynamic in¬ 
stability within one of the most classical themes of Newtonian mechanics, the three 
body problem (Poincare 1892-99): he had come up against the same phenomenon - 
the “chaos” that occurs in nonlinear deterministic dynamical systems - which today is 
studied in “complex” systems, not only in physics but also in biomathematics and eco¬ 
nomics. No less important was Hadamard’s discovery of certain “chaotic” behaviours 
of geodetic curves on surfaces having a negative curvature (Hadamard 1898). 

All these questions and their accompanying mathematical problems had their 
champions in the early twentieth century, in narrowly defined disciplinary areas. Nev¬ 
ertheless, it may legitimately be claimed that von Neumann’s intervention shifted 
these issues away from the central area of mathematical and theoretical physics re¬ 
search. His intervention in the direction of research was closely linked to an important 
change of approach at the level of method and mathematical techniques, for which he 
was one of those mainly responsible. The mathematics of time born from the Newto¬ 
nian revolution and which developed in symbiosis with differential calculus gave way 
to a static and atemporal mathematics. In the latter the emphasis is laid on algebraic 
and topological structures, and the techniques of functional analysis, measure theory 
and convex analysis flourish, together with the use of fixed point theorems. Fewer 
differential equations and more inequalities, seems to be the watchword in the new 
mathematics. 

In the first half of the twentieth century the philosophical issues raised by de¬ 
velopments in classical analysis were thus avoided or incorporated into a more ab¬ 
stract mathematics. Out of the ashes of mechanistic reductionism and classical deter¬ 
minism there arose a neo-reductionist view represented by von Neumann’s scientific 
paradigm, which we have already defined as panmathematical in the sense that its key 
idea was the central nature of mathematics viewed as a logical-deductive scheme, as 


60) See for instance Prigogine 1962. 
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an abstract language of great unifying power. In his view, this idea resolved the old 
philosophical-scientific debate on determinism, causalism and finalism, which was 
practically dissolved, following von Neumann, by considering the problem from a 
rigorously mathematical point of view. In the 1954 Princeton lecture text cited ear¬ 
lier, he declared: 

This great flexibility [of mathematics], to which I allude, involves things 
like this: In normal terminology it is considered a problem, which has 
occupied philosophers greatly in discussing an area, whether the laws 
which control this area are of a following nature. Each event determines 
the event immediately following upon it directly. This is the causal ap¬ 
proach. Alternatively, these laws might be teleological, which means that 
a single event does not determine the next event, but that somehow the 
whole process must be viewed as a unity, subordinate to a general law so 
that the whole can only be understood as a whole. If I say that this has be¬ 
set the philosophers 1 am understating. This has played a very great role, 
and is still playing a very great role, for instance in biology. 

Well, I don’t say this is a bad question, or a meaningless question, but it is 
a great deal more subtle, at any rate, than it sounds; because a good deal 
of mathematical experience shows that unless you are awfully careful, the 
question has no meaning. (Neumann (von) 1954a, in JNCW, vol. 6, 482) 

He justifies this claim on the basis of an analysis of the two mathematically equivalent 
formulations of classical mechanics. The original Newtonian version - he explains - 
was strictly causal. In this formulation, the law of motion for a body is obtained by 
solving Newton’s equation expressing the proportionality between the body’s accel¬ 
eration and the force acting on it (/ = ma, where f is the force, a the acceleration 
and m the body’s mass). Since acceleration may be interpreted as the second deriva¬ 
tive of space versus time, Newton’s equation is an ordinary differential equation. The 
solutions of such an equation, which give the trajectories of the body in motion, are 
characterized by the content of a theorem (“theorem of the existence and uniqueness 
of solutions”) which states that the initial state of the body univocally determines its 
future (and past) mechanical evolution: this accounts for the purely causal nature of 
the Newtonian formulation. 

In the eighteenth century a different approach was proposed based on the so- 
called “least action principle”, formulated for the first time by the French physico- 
mathematician Pierre Louis Moreau de Maupertuis (Israel 1997). In this “variational” 
formulation, the motion of a mechanical system is governed by a teleological or fi- 
nalistic principle: nature acts in pursuit of an end, which consists of saving a given 
quantity that Maupertuis identified as the “action” (integral of the product of the mass, 
velocity and the space travelled by the body). The trajectory actually followed by the 
body is such as to minimize the “action” and thus allows the objective of economy to 
be achieved. In this way, it seemed to be possible to reformulate mechanics on a non- 
causal basis by reinstating a qualitative and teleological view typical of Aristotelian 
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physics: motion is not governed by a blind law of determination but by Nature’s “in¬ 
tention” to achieve an objective. Nevertheless, the mathematical analysis of the two 
formulations led, at the end of the nineteenth century, to the realization that they were 
totally equivalent, at least on a purely mathematical plane: the results obtained by 
solving Newton’s equations or by minimizing the action are exactly the same, which 
shows that also the variational formulation follows a causal behavior. 61 

Without going into the history of the two conceptions, but merely observing the 
subsequent demonstration of the equivalence of the two formulations, von Neumann 
thus points out that the distinction between the two approaches exists solely at the 
level of a more superficial analysis, while, at the mathematical level - i.e., the one 
revealing the essence of things - it vanishes: 

The first approach is strictly causal, working from point to point in time. 

The second is strictly teleological, and defines only the total history by 
virtue of certain optimal properties, not any part of it. Yet the two are 
strictly equivalent; the actual history for movements that you derive from 
one is precisely that which you find from the other; and the question as 
to whether mechanics is causal or teleological (which in any other field 
would be viewed as an important substantive question calling for a yes 
or no answer) is manifest nonsense in mechanics, because it depends 
purely on how you choose to write the equations. I’m not trying to be 
facetious about the importance of keeping teleological principles in mind 
when dealing with biology; but I think one hasn 't started to understand 
the problem of their role in biology, until one realizes that in mechanics, 
if you are just a little bit clever mathematically, your problem disappears 
and becomes meaningless. And that it is perfectly possible that if one un¬ 
derstood another area the same might happen. 

This is an insight which would probably never have been obtained without 
the pure mathematical trickery of transforming the equations of mechan¬ 
ics; it was purely mathematical skill and the flexibility characteristics of 
mathematical formulation and re-formulation, that produced this insight. 

It is not pure thinking at any abstract level, but a specifically mathematical 
procedure. (Ibidem) 

What is expressed here is an anti-metaphysical position in line with the positions of 
logical neopositivism, which has often been confused with an alleged contempt by 
von Neumann for philosophical topics, due to a logical mentality and a passion for 
mathematics that were believed to have led him to consider philosophical issues as 
unimportant. In this connection, Heims discusses the figure of von Neumann as the 
epitome of the technocratic myth which presents the scientist as the “new man” typ¬ 
ical of the mid twentieth century. 62 There is no doubt that, during the second half 

61) In this connection see Ernst Mach’s discussion in Mach 1883. 

62) See Heims 1980, 360 ff. 
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of the twentieth century, the scientific community was dominated by a kind of dis¬ 
dain for philosophical issues regarding scientific knowledge and the role of science 
in society and culture, but it is somewhat reckless to suggest von Neumann as the 
model for such attitudes or to claim that he encouraged them by his example. On 
the contrary, he held a much more comprehensive view. The above quotation reveals 
a strictly philosophical reductionist position, at the centre of which there persists a 
classical view of mechanics as the paradigm of a scientific discipline: mechanics is a 
model by virtue of its high degree of mathematization, which enables it to reveal the 
essence of phenomena, and if metaphysical concepts persist in biology, it is due to its 
low mathematical level. Yet in von Neumann’s thought, the emphasis is placed, rather 
than on the mechanical scheme, on the abstract mathematical formulation, which al¬ 
lows the apparently non-causal factors to be reabsorbed, reducing them to the laws 
of logic. A similar situation occurs also in the relationship between causality and 
chance: here also the abstract mathematical formulation allows chance to be reduced 
to the laws of logic. This is what happened, he points out, with the theory of proba¬ 
bility and with quantum mechanics, and here he is merely describing the sense of his 
work of axiomatization: 

It turns out that the elementary processes - the processes involving el¬ 
ementary particles, the atoms or possibly sub-atomic particles - are, in 
spite of everything known previously, apparently not subject to laws like 
those of mechanics, because the laws of mechanics in their causal form 
tell you that if you know the state of the system now, you can tell exactly 
the state a short time afterwards, and by repeating this you can tell what it 
will be like at all times afterwards. It turns out that for the elementary pro¬ 
cesses it doesn’t look as if it were this way. The best description one can 
give today, which may not be the ultimate (the ultimate one may even re¬ 
vert to the causal form, although most physicists don’t think this is likely) 
but at any rate the best we can tell today, is that you do not have complete 
determination, and that the state of the system now does not determine at 
all what it will be immediately afterwards or later. Of course, a state now 
may be incompatible with some further assumptions about what it will be 
an hour later; or some of them may be extremely improbable. But many 
possibilities will still be left; and one might suspect that this is an idea 
which does not lend itself to description by precise mathematical means. 
(Ibidem, 485^186) 

It should be noted that, although in this quotation he is summarizing his point of view 
several years after his research in the held of quantum mechanics, he goes as far as to 
claim that “the best description one can be given today” is indeterministic, although 
this does not allow us to say it is “the definitive one”: “the ultimate one may even 
revert to the causal form”, even though this is considered unlikely by most people. 
Essentially he does not move far from the line of thought outlined one and a half 
centuries earlier by Pierre-Simon Laplace, who stated the substantial validity of the 
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causalist view, while declaring it unpursuable in practice in a number of cases, which 
led him to introduce the tool of probability calculus. The essence of von Neumann’s 
thought is that there is no crisis in the principles of classical science, since this is 
guaranteed by mathematics. Mathematics can perform the fundamental task of bol¬ 
stering confidence in the existence of an order in physical phenomena, even when it 
is impossible to implement a traditional determinist paradigm: 

A system, like the one here referred to, is not causally predictable. You 
cannot calculate from its present state its state at the next moment. There 
is, however, something else which is causally predictable, namely the so- 
called wave-function. The evolution of the wave-function can be calcu¬ 
lated from one moment to the next, but the effect of the wave-function on 
observed reality is only probability. That such a combination can at all 
be worked out, that it can decipher experience, and even be derived from 
experience, is something which again would have been completely impos¬ 
sible if the mathematical method had not existed. And again an enormous 
contribution of the mathematical method to the evolution of our real think¬ 
ing is, that it has made such logical cycles possible, and has made them 
quite specific. It thus made it possible to do these things in complete reli¬ 
ability and with complete technical smoothness. (Ibidem) 

In order to complete what has been said about his acceptance of the (possibly transi¬ 
tory) role of the descriptions in somewhat random terms - in any case with an under¬ 
lying implicit “strong determinism” - it is interesting to note an assertion he made in 
a more informal tone in a letter written in 1955 to the physicist George Gamow, who 
had formulated a theory of protein formation based on random processes: 

I shudder at the thought that highly efficient purposive organizational el¬ 
ements, like the protein, should originate in a random process , 63 

It is thus interesting to note how, although von Neumann gave a tremendous impulse 
to the “new mathematics” of the twentieth century, his mentality as a scientist and 
mathematician remained faithful to the classical conception. From this standpoint he 
was representative of a period of cultural transition. Although drawing inspiration 
from an abstract conception, he never subscribed to the Bourbaki idea of a radical 
distinction between pure mathematics and applied mathematics and of the intellec¬ 
tual superiority of the former over the latter. On the contrary, he always displayed 
a strong and direct interest in applications, and in this context he retained an ap¬ 
proach aimed at recovering the value of classical reductionism. He held a conception 
of the relationship between mathematics and reality that was actually much closer to 
Hilbert’s original view than to Bourbaki’s, which represented the extreme evolution 
of the Hilbertian view. In this connection, mention must be made of Klein’s state¬ 
ment (in a letter written to Wolfgang Pauli in 1921), with reference to research on 


63) Quoted in Heims 1980, 154. 



66 


Chapter 3. A Mathematician Between Past and Future 


the foundations of the theory of general relativity, that Hilbert held «a fanatical belief 
in variational principles and the opinion that one can explain the essence of nature 
merely through mathematical reflections». 64 A similar statement could be made to 
apply also to von Neumann simply by replacing variational principles with logical- 
algebraic structures. 

On the other hand, von Neumann’s idea of mathematical model was much less 
classical and placed the accent on formal and analytical language, clearly distinguish¬ 
ing itself from a realist view of knowledge and from the belief that science can attain 
the “truth” of nature. In this connection, in 1955, in an article entitled “Method in the 
physical sciences”, published in the book The unity of knowledge, he wrote 

[. ..] the sciences do not try to explain, they hardly even try to interpret, 
they mainly make models. By a model is meant a mathematical construct 
which, with the addition of certain verbal interpretations, describes ob¬ 
served phenomena. The justification of such a mathematical construct is 
solely and precisely that it is expected to work - that is, correctly describe 
phenomena from a reasonably wide area. Furthermore, it must satisfy cer¬ 
tain aesthetic criteria - that is, in relation to how much it describes, it must 
be rather simple. (Neumann (von) 1955a, in JMCW, vol. 6, 492) 

Also here we perceive the distance that separates von Neumann’s panmathematicism 
from that of Galileo’s views or even Einstein’s, not to mention Newton’s. For Galileo, 
mathematics is the essence of nature, which makes it possible to attain the “truth”. 
For Newton, the task of natural philosophy is to trace back the causal chain lead¬ 
ing from each phenomenon to the Prime Cause (that is, God). For von Neumann, 
the claim to explain and even interpret phenomena is excessive - it is too ambitious 
an objective that science has left behind it. Science makes models, of which mathe¬ 
matics is the language of choice, the most suitable and effective. The modernity of 
this view is quite apparent, because it fully interprets the modelling paradigm that 
had been established as early as the late 1920s. Indeed, von Neumann’s early papers 
on game theory and in mathematical economics were among the first examples of 
mathematical models to appear in scientific literature and are as indicative of modern 
modelling as the relaxation oscillation model (and its many applications) formulated 
by the Dutch electrical and electronic engineer Balthazar Van der Pol and the model 
of the US statistician Alfred Fotka. 65 

However, von Neumann’s view of scientific research praxis differs from the 
characteristics that modelling praxis would take on later, owing to the role that he con¬ 
tinued to attribute to empirical verification: when he spoke of a “model that works”, 
“that correctly describes the phenomena”, he was thinking of an effective control dic¬ 
tated by the needs of concrete applications, with which he never lost touch. More ex¬ 
plicitly, although asserting the autonomy of mathematics and accepting the existence 

64) Quoted in Rowe 1989, 212. 

65) Neumann (von) 1928. 1937 (it should not be overlooked that the formulation of the production 
model contained in the 1937 paper dates to the early 1930s); van der Pol. van der Mark 1928; Lotka 
1925; see Israel 1993b, 1996a, 2002, 2004a. 
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of internal or “purely aesthetic” criteria that were able to guide research, he believed 
in the need to avoid breaking the link between mathematics and the real world. In 
his view, there is a tension inside mathematics between its internal, aesthetical, pure 
needs and the need for a relationship with empirical reality, which he described as 
follows: 

I think that it is a relatively good approximation to truth - which is much 
too complicated to allow anything but approximations - that mathemati¬ 
cal ideas originate in empirics, although the genealogy is sometimes long 
and obscure. But, once they are so conceived, the subject begins to live 
a peculiar life of its own and is better compared to a creative one, gov¬ 
erned by almost entirely aesthetical motivations, than to anything else 
and, in particular, to an empirical science. There is, however, a further 
point which, 1 believe, needs stressing. As a mathematical discipline trav¬ 
els far from its empirical source, or still more, if it is a second and third 
generation only indirectly inspired by ideas coming from “reality ”, it is 
beset with very grave dangers. It becomes more and more purely aes- 
theticizing, more and more purely l’art pour l’art. This need not be bad, 
if the field is surrounded by correlated subjects, which still have closer 
empirical connections, or if the discipline is under the influence of men 
with an exceptionally well-developed taste. But there is a grave danger 
that the subject will develop along the line of least resistance, that the 
stream, so far from its source, will separate into a multitude of insignifi¬ 
cant branches, and that the discipline will become a disorganized mass of 
details and complexities. (Neumann (von) 1947a, in JNCW, vol. 1, 9) 

This observation sounds like a polite reprimand to the mathematics of his day and 
even more so to the mathematics of today. 


3.5 The world as a strategic game: 
a mathematical idea of rationality 

Von Neumann’s confidence in the power of mathematics and his acceptance of the 
philosophic principles underlying classical science were partly due to his own nature 
and character. This aspect has been pointed out by Heims, who interviewed several 
living contemporaries of von Neumann. Other accounts can be found in the 1966 
Mathematical Association of America film John von Neumann -A documentary. The 
interviews do not give us a univocal picture of the man, although they do shed some 
light on several aspects of his personality, his working style and his world view. Von 
Neumann had a fundamentally optimistic and positive personality, abounded in en¬ 
ergy and initiatives and was a great worker; at the same time, he was well-organized 
and circumspect. For him, mathematical work was a true pleasure, and certainly the 
pleasure of a virtuoso, if we take into account his extraordinary ability and command 
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of the subject. In this connection endless anecdotes are told. Indeed he may actually 
be considered a living “legend” in the scientific world. For instance, the analyst Peter 
D. Lax, professor at the Courant Institute of Mathematical Sciences of New York, 
tells of when, during a university lecture, he was unable to complete the proof of 
a theorem, von Neumann commented: «I knew three different ways of proving this 
result, but unfortunately I chose a fourth way». And he went on: «The popular say¬ 
ing was: “Most mathematicians prove what they can, von Neumann proves what he 
wants”.» 66 Emilio Segre, one of von Neumann’s colleagues of Italian origin at the 
Los Alamos Laboratory during World War II, told the following anecdote: 

It happened at Los Alamos. Prof. Hans Staub and I needed an integral for 
a calculation (probably a solid angle in some instrument) and had written 
it on a blackboard. We had racked our brains for a good while without 
getting anywhere. Von Neumann, who was a friend of ours, happened to 
pass along the corridor, saw the integral through the open door, and gave 
us the numerical value off the cuff, continuing on his way after saying 
hello. [.. .] At Los Alamos, von Neumann and Fermi every now and then 
would put up two blackboards and compute hydrodynamics problems and 
I believe they would have a race to see who was faster. They would both 
get to the end without even a numerical error, but my impression is that 
von Neumann was the faster. 61 

A methodical worker and possessing great powers of concentration, von Neumann 
became famous for the extraordinary speed with which he could solve a wide range 
of problems. In this an important role was played by his ability to formulate the 
problems theoretically in the most appropriate way so as to identify their most salient 
features. A man with great intellectual capacity and powers of abstraction, he was 
also a practical man of the world. 68 Instead of the typical image of the eccentric and 
unsociable mathematician or physicist, the image he projected was that of a balanced 
person whose constructive attitude enabled him to overcome both the vicissitudes of 
his personal life and the challenges of scientific research. He combined enthusiasm 
and intellectual curiosity with a dispassionate, objective, highly rational attitude, and 
earned himself the reputation of an ideal scientist in the international community. As 
Heims put it: 

66) Glimm, Impagliazzo, Singer, (eds.) 1990, 5-6. 

67) Letter sent to G. Israel, 1 February 1987. 

68) There are also numerous anecdotes about von Neumann's social life, about the parties he used 
to give and above all his passion for fast driving, his mania for telling dirty jokes and other vulgar 
attitudes. There is an enduring impression that these anecdotes were strongly influenced by a dislike 
for the man because of his conservative and "war-mongering” political views. It is no coincidence 
that greater credence in this sense was given in opposite political circles and that a similar situation 
occurred in the case of Edward Teller, who was indeed sometime presented as a true monster. 
We consider that these stories are marred by prejudice and thus relatively unreliable, and we are 
therefore reluctant to give them much credit. 
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This logical mastery also may have affected von Neumann’s views and 
premises concerning the world. It became his mathematical and scientific 
style to push the use of formal logic and mathematics to the very limit, 
even into domains others felt beyond their reach. He seemed to regard the 
empirical world, probably even life and mind, as comprehensible only in 
terms of abstract formal structure. (Heims 1980, 129) 

His reductionist panmathematical conception was to guide him in the scientific pro¬ 
jects we will be describing in the following chapters of this book. However, at the 
outset, several considerations should be noted concerning the spirit underlying them, 
in order to situate them within this scientific conception. One of the first non-physical 
applications that he was to consider was the social sciences; this was in harmony 
with his social and family background, and with his familiarity with the Vienna Cir¬ 
cle project aimed at the unification of science (including all its branches, from eco¬ 
nomics to ethics and psychology). He conceived of the interaction among individuals 
as a process that could be schematized in abstract terms and reduced to a compari¬ 
son among conflicting rational strategies that needed to be brought back to a state of 
compatibility. Following this approach, all moral or hedonistic considerations disap¬ 
peared, the world view of the rational individual left no room for the consideration 
of time (above all historical time), and economic and social action was considered 
to be a chapter of game theory. His interest in game theory and, more generally, his 
attempt to represent rational subjective behaviours in mathematical terms, displays 
an obvious relation of continuity with the more ambitious project that concerned him 
towards the end of his life: the study of the human mind, the impenetrable mystery 
underlying the exposition of any theory of nature, society and man. If this project was 
to be addressed, according to von Neumann, the key was once again to be mathemat¬ 
ics. Let us for a moment dwell on a passage from the 1954 Princeton lecture which is 
particularly enlightening in this regard: 

Another thing about which we can't tell today as much as we would like, 
but about which we know a good deal, is that it might have been quite 
reasonable to expect a vicious cycle when one tries to analyse the sub¬ 
stratum which produces science, the function of the human intelligence. 

The whole evidence of exploration in this area is that the system which 
occurs in intellectual performance, in other words in the human nervous 
system, can be investigated with physical and mathematical methods. Yet 
there is probably some kind of contradiction involved in imagining that 
at any one moment, an individual should be completely informed about 
the state of his nervous apparatus at that particular moment. The chances 
are that the absolute limitations which exist here can also be expressed 
in mathematical terms, and only in mathematical terms. (Neumann (von) 
1954a, in JNCW, vol. 1, 486-487) 


This passage is very important and profound. It reveals his awareness of the great dif¬ 
ficulties inherent in the idea of studying subjective behaviour in objective terms, and 
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indeed that the principal difficulty involved is practically insoluble, as it boils down 
to the circular idea that a subject can be completely informed about the state of its 
neuronal apparatus by using the apparatus itself. Not only that: he actually claims that 
his is an absolute limitation. However, this leads to the redeeming feature of mathe¬ 
matics: only mathematics can preserve the hope of dominating this vicious circle by 
allowing these limitations to be expressed in axiomatic terms or, more precisely, by 
incorporating these limitations in the model’s formal structure. 

At this stage, two different considerations may be noted. The first is an observa¬ 
tion: von Neumann is far from thinking that there may be an objective and complete 
description of mental and subjective behaviour: The second consideration is more of 
a question: does this view represent just one stage of his life or was it already present 
from the outset? We shall see later, in particular in Chapter 5, how further studies 
of the brain, computers and automata, as well as of game theory, led him to adopt 
an increasingly cautious and even sceptical position regarding the possibility of con¬ 
structing a descriptive theory of the mind based on the physical-mathematical model. 
Moreover, the tone of the passage cited suggests the influence of lessons drawn from 
Godel’s theorem. In spite of this, a clear continuity link is present also here. It is suffi¬ 
cient to go back to what we have seen in the case of game theory: on the crucial issue 
of mixed strategies, he takes an almost exclusively rationalist-normative approach, in 
complete contrast to Borel who follows a psychologistic-descriptive approach. For 
von Neumann it is not a matter of describing the behaviour of the players as if it were 
reality, but rather of determining the conditions in which there exists a solution to a 
strategic conflict that takes the opponents’ needs into consideration as far as possible. 

After all, what distinguishes Borel from von Neumann is a radically different 
way of conceiving of rationality. Borel seeks the best rational behaviours in the play¬ 
ers’ concrete procedures, in manifestations of the perfection of their “ability” dis¬ 
played in a strategic confrontation. Von Neumann seems to be uninterested in and 
sceptical about true spontaneous behaviours. He is looking for definitions of an ideal 
behaviour that will afford a solution to the conflict in the least disadvantageous way 
for all, that is, which achieves the greatest number of aspirations of each person in¬ 
volved that is compatible with the limitations imposed by the presence of an oppo¬ 
nent. It would be vain to object to von Neumann - from Borel’s point of view - 
that these are not real behaviours: his response to this kind of objection would be 
(and indeed was) that a scientific solution to the problem could be obtained only in 
quantitative and mathematical terms, and that the latter pass through a representation 
in axiomatic terms of an “optimal” behaviour of the subject that can lead to a solu¬ 
tion. Thus, the point was to represent the limitations of the problem «in mathematical 
terms, and only in mathematical terms»... It would be a great misunderstanding to 
think that von Neumann pursued the project of drawing up a map of human ratio¬ 
nality: despite all the changes and the substantial in-depth investigations emerging 
from his subsequent scientific research, the regulatory and panmathematical view is 
already present in his first work on game theory. 

It is symptomatic to observe that this conflict between normative view and de¬ 
scriptive view - the dialogue between these two points of view has always been a 
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dialogue between the deaf 69 - was to recur in the interaction between von Neumann 
and Norbert Wiener. Two different views of what is rational came again into play. 
Like Borel, Wiener aimed at a description of real behaviours, and believed he had 
found the key in an idea that is remote from Borel’s player’s psychology: this is the 
concept of homeostasis, which for Wiener was the substance of the behaviours of the 
subject, both considering the life of the mind or the actor in the social scene (Israel 
2004c). While Borel was far from holding a reductionist approach, on the opposite 
side Wiener was even more reductionist than von Neumann, because he believed in 
the identity of man and machine, that is, he identified brain and automaton, and con¬ 
sidered that the essence of this identity actually lay in the concept of homeostasis. 
He therefore found von Neumann’s game theory doubly abhorrent: because it did not 
rely on the concept of homeostasis, and because it was based on an idea of rational¬ 
ity devoid of any real foundation. In the repeated controversial comments he made 
on von Neumann’s game theory starting from his influential 1948 essay Cybernetics, 
or control and communication in the animal and the machine ( 2 nd edition 1961), 70 
Wiener emphasized this lack of realism: 

This theory is based on the assumption that each player, at every stage, in 
view of the information then available to him, plays in accordance with a 
completely intelligent policy, which will in the end assure him of the great¬ 
est possible expectation of reward. It is thus the market game as played 
between perfectly intelligent, perfectly ruthless operators. [.. .] 

Naturally, von Neumann’s picture of the player as a completely intelligent, 
completely ruthless person is an abstraction and a per\>ersion of the facts. 
(Wiener 1961, 159) 

This abstract “perversion of the facts” is exemplified by Wiener in the conflict be¬ 
tween Napoleon and the Austrians in Italy, in which the former adopts a particularly 
bold and completely rash strategy based on the conviction that the Austrian strategists 
were totally unaware of the new methods of waging war of which the French army 
was capable. Likewise, admiral Nelson would not have defeated so resoundingly the 
French fleet if he had started from the axiom that he was facing an adversary of equal 
capacity and experience. Wiener comes to the severe conclusion that «any direct use 
of the von Neumann method of game theory in these cases would have proved futile» 
(Ibidem, 171). 

69) One example of the incomprehension between these two points of view which displays very in¬ 
teresting analogies is that of the discussion between Henri Poincare and Leon Walras regarding 
the possibility of mathematizing economics: for Poincare the assumption that economic subjects 
are infinitely farsighted is a comparatively non- credible description while for Walras it is a mat¬ 
ter of intervening in a regulatory fashion in order, at least tendentially, to make economic subjects 
increasingly more farsighted. See Ingrao, Israel 1990, 154-161. 

70) Several passages from Wiener 1961 cited here are found almost verbatim in God & Golem , Inc. 
(Wiener 1964) and several controversial ideas are already also present in The human use of human 
beings (Wiener 1950). 
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As Wiener writes: «The von Neumann type of approximate theory tends to lead 
a player to act with the utmost caution, assuming that his opponent is the perfectly 
wise sort of a master» (Ibidem). In actual fact, von Neumann’s idea of rationality 
is based on an element of caution. It’s quite natural to wonder what were the roots 
of this view of rationality as caution. In our view, they are of both of an exogenous 
nature and dictated by the logic of his scientific views. 

There is no doubt that von Neumann, even with the inevitable fluctuations, did 
not hold an optimistic view of the rationality of human beings, defined as the ca¬ 
pacity to adopt solutions capable of reducing damage to a minimum. At most - as 
we shall see in Chapter 4 - he had occasion to say that mankind has a certain ca¬ 
pacity for overcoming the problems it has itself caused after “varying amounts” of 
suffering. This sceptical attitude stemmed from serious and deep-seated reasons in 
his own life experience, during which, from an early age, he had witnessed the se¬ 
ries of catastrophes that had destroyed his country, and then the global catastrophe 
of Europe, the World War, and the Cold War. It was difficult for him, and for all 
those who had lived through similar experiences, to believe in the innate rationality 
of human beings. Therefore there was very little that was rational to be described in 
reality... If anything, there was a rationality that must be imposed. And this “rea¬ 
sonable” rationality could only entail a search for the maximum possible advantage 
that was however compatible with the analogous goals of the others. The catastro¬ 
phe could thus originate from an excessive claim, from imprudence, from the lack of 
self-limitation. Rational meant merely pursuing the minimum possible harm. 

It should be noted that such a moderately pessimistic attitude, tempered exclu¬ 
sively by the quest for a solution resting in scientific rationality, appears from the 
outset in attempts at the scientific analysis of human behaviour. In the eighteenth 
century, the founder of the Physiocratic sect, Francois Quesnay, wrote: «Let us not 
seek lessons in the history of nations or human dismay, which portrays to us only an 
abyss of disorders 71 The lesson must rather be sought in scientific normativity. In 
this sense, von Neumann is clearly a descendant of enlightenment rationalism and of 
its project for a scientific management of society. 

But - and this brings us to the internal aspect regarding the scientific method 
- how is this normativity implemented whenever it attempts to establish itself on 
the instruments offered by mathematics? As we shall see, von Neumann was an ex¬ 
plicit champion of the idea that the mathematization of social and mental phenomena 
needed a “new” mathematics, just as classical mathematical physics - during the sev¬ 
enteenth and eighteenth centuries - needed to create a new mathematics ad hoc, that 
of differential and integral calculus. However, even if the methods created by von 
Neumann were deeply innovative, if compared with those of classical mathematical 
analysis, mathematical reasoning offers a comparatively univocal way of formulating 
the normative approach, namely, the idea of optimization: the imposition on reality of 
a quantifiable objective, in this case the attainment of the greatest possible advantage, 
even in the presence of constraints. Furthermore, at the earlier stages, the analysis of 


71) Quesnay 1767. In this connection, see Ingrao, Israel 1990. 43; see also Israel 1993a. 
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social problems cannot avoid considering the behaviours of the individual subjects as 
homogeneous, because the total differentiation of these behaviours would make the 
problem so complex as to be unmanageable. In essence, the idea of physics reappears: 
to disregard the specific characteristics of individual objects, which Galileo referred 
to as “setting aside the impediments”. Von Neumann’s critics might be tempted to 
say that in this way subjective behaviours are described in a schematic and caricatu¬ 
ral way vis-a-vis reality. However, the response to this remark would be similar to the 
one given by von Neumann to Borel (as we have seen in Chapter 2) when he said that 
a game theory without the minimax theory was inconceivable: is it possible to have a 
mathematical treatment that is not based on comparatively radical abstractions? The 
subsequent discussions of this issue continue to the present day - and in particular 
Nash’s game theory, of which more will be said in Chapter 5 - not only suggest a 
negative answer to this question, but even point to a much stronger axiomatic rigidity 
than that proposed by von Neumann. 

The foregoing explains the meaning of the title given to this book. For von Neu¬ 
mann, the world must be conceived of as a mathematical game, in the sense that in 
all cases it is useful and effective to seek axiomatic structures suitable for thinking 
of the phenomena in mathematical terms. The concept of strategic game is a kind of 
universal key for considering in terms of combinatorial structures all the interactions 
occurring in reality and to determine the conditions in which they allow an “accept¬ 
able” solution. But this in no way means that the world is actually a mathematical 
game. The conception of social interactions as a game, the combinatorial view on 
which the theory of automata will be founded, the analogy between brain and com¬ 
puter are tools of epistemological analysis, never ontological views. 72 

This conception of von Neumann was deepened and enhanced in the United 
States, also thanks to a growing involvement, together with economists, engineers 
and other researchers in the new postwar technological challenges. Those years, also 
with his fundamental contribution, saw the development of a science-technology- 
industry-military conglomerate that marked the historical-cultural evolution in the 


72) It is also this difference between the ontological and the epistemological approach that distinguishes 
von Neumann from Wiener, despite their mutual esteem and numerous collaborations. In the 1940s 
and 1950s von Neumann showed interest in Wiener’s activities, which culminated in the cyber¬ 
netics program. We have illustrated the diffidence shown by the former regarding the teleological 
approach, which he considered was not independent of the causal approach. As we shall see in 
Chapter 5, in early 1945 Wiener promoted a working group that he wanted to call the Teleological 
Society. Von Neumann was a member but was accused in a letter Wiener wrote to Arthur Rosen- 
blueth of being a “very slick participant” (quoted in Aspray 1990, 316). It is difficult to shrug off the 
impression that von Neumann's coolness was linked to a conceptual disagreement. We have seen 
how the operation von Neumann developed in physics limited the crisis affecting the discipline, but 
in fact his intervention contributed to opening a gap between physics and mathematics. Wiener was 
the prophet - not fully understood in his time - of a new physics that was to extend its boundaries 
to take in phenomena in which uncertainty appears, to phenomena of complexity and of incomplete 
information: to achieve this aim new mathematical tools were necessary that would allow order to 
be identified in disorder. Averages constructed on the basis of Lebesgue’s integral and other proba¬ 
bilistic concepts would allow this to be done and, for this purpose, it was necessary to include time 
as a fundamental aspect in the description of phenomena. 
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second half of the twentieth century. Those years also witnessed construction of the 
“systems approach”, which was strongly marked by mathematical ideas and tech¬ 
niques and in particular by game theory. Systems thinking was based on key words 
that von Neumann himself already identified with clarity in his review of Wiener’s 
book Cybernetics, published in Physics Today in May 1949: 

[...] the proposition that science as well as technology, will in the near fu¬ 
ture and in the farther future increasingly turn from problems of intensity, 
substance, and energy, to problems of structure, organization, information 
and control, (Neumann (von) 1949a, 33) 

These were the words of a man of science who, in the meantime, had been treading 
the complex corridors of power in his new country. 



Chapter 4 


Von Neumann in the 
United States 

4.1 Princeton and the American mathematical 
community in the 1930s 

In September 1928, von Neumann attended the International Congress of Mathemati¬ 
cians held in Bologna as a member of the German delegation. One of the most cele¬ 
brated lecturers at the Bologna Congress was Oswald Veblen, a distinguished member 
of the United States mathematical community. 73 The meeting with Veblen radically 
changed the course of von Neumann’s life, taking him definitively away from his na¬ 
tive land towards new professional and personal horizons. Veblen, who was professor 
of mathematics at Princeton University, had distinguished himself for his contribu¬ 
tions to the axiomatization of projective geometry. In addition to his scientific activ¬ 
ity, throughout his life he engaged in an intense organizing and institutional activity 
in his country, which deeply influenced not only the development of American math¬ 
ematics but also the professional career of many mathematicians. His efforts were 
aimed at making mathematical research in the United States independent and com¬ 
petitive at the international level by adequately boosting university teaching of the 
subject. This goal had been pursued in many other countries - including Hungary, as 
illustrated in Chapter 1 - in the wake of successful educational reforms introduced in 
nineteenth century Germany. The German reforms had led to establishment of a high 
quality network of secondary schools and an organization of engineering education 
that was the envy of the whole world. They had also attributed a leading role to the 

73) Atti del Congresso Internazionale del Mcitematici, Bologna, 3-10 settembre 1928, Bologna, 
Zanichelli, 1929-32. 6 vols.: vol. 1. On Veblen and the development of the American mathematical 
community, see Parshall, Rowe 1994 and the references therein, also with regard to the influence 
of the German model on this development. See also Duren (ed.) 1988, and, on Princeton, Aspray 
1988. 
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university, redefined in a modern sense as the place where new frontiers of knowledge 
were expanded thanks to free research and the training of young researchers. 

Until the end of the nineteenth century, most American universities had a stan¬ 
dard of teaching barely higher than that of secondary schools in Europe. The majority 
of the lecturers had a very heavy teaching load and gave courses at elementary levels. 
There was no form of funding of scientific research and indeed research and publica¬ 
tions were not considered either as an obligation for or as a merit of the professors. 
The first university to break with this tradition was the Johns Hopkins University of 
Baltimore which, right from its foundation in 1875, had devoted serious attention to 
postgraduate and research training. In the field of mathematics, this university re¬ 
lied on the British mathematician James Joseph Sylvester who, during his stay in the 
United States between 1876 and 1883, gave a strong impetus to research. Acting as an 
advisor for young graduates, he set up an intellectual research school in mathematics; 
furthermore, he founded the first American review in the field, the “American Journal 
of Mathematics”, which began publication in 1878. The example of Johns Hopkins 
was soon imitated by several of the older universities, such as Harvard, Princeton, and 
Yale, and by others founded towards the end of the century, such as Clark University 
or the University of Chicago. Many of these universities were later to vie with each 
other to attract high-level mathematics professors. 

In 1888 three young graduates of the New York University founded the Math¬ 
ematical Society of New York, based on the model of the London Mathematical So¬ 
ciety. The aim of the Society was to bring into contact persons interested in mathe¬ 
matics belonging to a wide range of environments, such as university professors or 
high school teachers, actuaries, and engineers. The rapid increase in membership at¬ 
tested to a growing interest in mathematics in the whole country: in 1894 the society 
changed its name to the American Mathematical Society (AMS). 

However, decades were to pass before the home-grown research schools were 
consolidated into a mathematical community. Sylvester’s influence waned rapidly af¬ 
ter his return to Britain. The majority of future American university professors of 
mathematics completed their training in Europe, especially in Germany. The main 
pole of attraction at the time was Gottingen, and the favourite advisor for preparing 
a dissertation was Felix Klein, who was always open to collaboration. The impor¬ 
tance of Gottingen and of the protective figure of Klein in the process of forming 
American mathematical research culminated symbolically in his participation at the 
Mathematics Congress of Chicago in 1893, on the occasion of the Colombian Uni¬ 
versal Exposition. The Congress organizers were the three professors of mathematics 
of the University of Chicago: two of them were Germans and pupils of Klein and the 
third was Eliakim Hastings Moore, who later on took over Klein’s role as leader and 
animator of mathematics in the United States. As Parshall and Rowe have pointed 
out, «between 1896 and 1907, in fact, the list of Moore’s students reads like a Who’s 
who in early twentieth century mathematics» (Parshall, Rowe 1988, 26). 

One of Moore’s most brilliant students at Chicago was actually Veblen who was 
taken on at Princeton University in New Jersey in 1905. Princeton had succeeded in 
attracting a good number of excellent mathematics professors, but nevertheless in the 
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early 1920s it was still mainly a teaching centre where no provision was made for 
research activity. Veblen devoted all his energy quite successfully to changing this 
state of affairs, both at local and national levels. At the national level, in the two years 
1923-24, as president of the AMS, he made considerable efforts to obtain government 
funding for the Society’s publications and activities; he also managed to have mathe¬ 
matics included in the study grant program of the National Research Council (NRC), 
the institution set up at the end of World War I that - as in similar institutions in other 
countries - set out to place on a new basis the relations between scientific research, 
technology, and industrial development. At Princeton, one of Veblen’s objectives was 
to organize a research institute in which a group of top flight mathematicians could 
work. It was an ambitious idea: he not only wanted to establish research positions but 
also to reproduce the organizational model of Gottingen. The favourable economic 
cycle seemed to offer excellent prospects: the Rockefeller Foundation General Edu¬ 
cation Board offered a million dollars for the development of basic research at Prince¬ 
ton University, on condition that the University find a further two million, which were 
actually collected in 1928, thanks to numerous donations. The Rockefeller Founda¬ 
tion is one of the best examples of a truly US tradition of offering private donations 
to encourage academic studies and research - a kind of support scarcely available in 
continental Europe. One important benefactor of Princeton University was an alum¬ 
nus, Thomas Jones, a lawyer and president of the Mineral Point Zinc Company. In the 
years leading up to the Great Depression, Jones donated funds for research, for con¬ 
struction of a building to house the department of mathematics and for establishment 
of chairs, including one for mathematical physics. The Jones Chair was occupied in 
1928-1929 by Hermann Weyl, who returned to Germany immediately afterwards to 
succeed Hilbert in the chair at Gottingen. After Weyl’s departure, at the proposal of 
Veblen, it was decided to use the funds available to invite foreign professors. Veblen’s 
candidate was von Neumann, and the faculty decided to invite both him and his fellow 
countryman and childhood friend, Wigner. 

Veblen personally supervised the proposal, design and construction of the new 
premises of the department of mathematics, completed in 1931 and called Fine Hall, 
in memory of Henry B. Fine (who was the director of the department until 1928). 
Fine had obtained his PhD under the guidance of Klein and was a profound admirer 
of the German university system: Veblen honored his memory by organizing a re¬ 
search group that faithfully pursued the project developed by Klein at Gottingen. The 
library, lecture rooms, studies and communal rooms offered the best possible condi¬ 
tions for study, research and informal contacts among professors and students. The 
professors recruited, who included many foreigners, the fellowships for young grad¬ 
uates, the funds for the guest professors, all contributed to recreating at Princeton 
the stimulating cosmopolitan environment von Neumann had known in Gottingen. 
Moreover, we have recalled in Chapter 1 von Neumann’s deep attachment to Hungar¬ 
ian mathematics and to German mathematics; but for a young mathematician such as 
von Neumann, trained in Hilbert’s entourage, the whole cultural world was indeed a 
single country. 74 
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Von Neumann’s early stays as guest professor at Princeton took place in the 
gloomy period of the economic and financial crisis that exploded on the famous Black 
Thursday on the New York Stock Exchange in October 1929. And yet, the situation 
in Europe, and in Germany in particular, was even more dramatic. After several years 
on the margins, Adolf Hitler’s National Socialist party enjoyed a growing consensus 
and in September 1930 obtained a considerable increase in votes for the first time. 
In the years that followed - in January 1933 Hitler was given the responsibility of 
forming a government, and in March he won the election - the idea of remaining 
at Princeton must have appeared more promising to von Neumann than any other 
possibility. In April 1933, in a letter to Veblen, he asked about the atmosphere in the 
US and described the process of what he described as the “purification” of German 
universities: 

I am glad to learn from your letter that these things receive the full atten¬ 
tion and appreciation in America which they deserve. It is really a shame, 
that something like that could happen in the 20th century. [...] We are 
going to Italy for 3-4 weeks around May 10, and then for 2 weeks, or 
less, to Germany. I feel that I have to see Berlin and Gottingen once more 
- although an expedition to the North Pole would he a much nicer thing 
under the present conditions , 75 

Veblen, for his part, was relying on von Neumann for his most ambitious projects: 
to create at Princeton an institute dedicated exclusively to research and teaching in 
preparation for PhDs and postdoctoral studies. The great occasion had come in 1930 
thanks to Louis Bamberger - owner of a large department store and leading citi¬ 
zen in a town near Princeton, Newark - and his sister, Caroline Bamberger Fuld. 
They offered to fund an advanced research institute, according to a proposal made by 
Abraham Flexner, an expert in educational matters who had worked for the General 
Education Board of the Rockefeller Foundation. Flexner, who was appointed direc¬ 
tor, chose Princeton and mathematics as the first area of activity of the new Institute 
of Advanced Study (IAS). After two years of preparation, Veblen was elected as the 
first professor of the Institute. His ideas influenced Flexner who decided, together 
with him, on the names of the other professors to be appointed. The headquarters of 
the IAS was at Fine Hall, until a special building, Fuld Hall, was opened in 1939. 

While the cultural tradition of Gottingen, Rome and many other centres of con¬ 
tinental European science was being ravaged, first by racist purges and then by the 
war, in Princeton and in many other places in the United States, an extraordinary envi¬ 
ronment was being created for mathematical research. The United States was taking 
on the role of world leader of research and higher scientific and mathematical learn¬ 
ing. An outstanding contribution to this process was made by the flow to the country 

74) Hilbert’s famous words were: “For mathematics, the whole cultural world is a single country" 
(quoted in Reid 1973, 188). On Hilbert’s internationalist defense of the participation of German 
mathematicians to the 1928 Bologna Congress, see Segal 2003, 365-366. 

75) Neumann (von) to Veblen. April 3, 1933, O. Veblen Papers, Library of Congress, now in Redei (ed.) 
2005,264. 
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of a great number of European mathematicians, who slowly reconstructed a fabric 
of scientific and academic relations and were integrated into local institutions. The 
IAS in particular became an important crossroads, owing to the presence not only of 
researchers employed by the Institute or the University but also of many others that 
had taken refuge in the country and paid frequent visits to Princeton. 

4.2 A lucky migrant 

There was an immediate reaction in the United Kingdom and the United States to the 
sacking of university professors that began in Germany in April 1933. Also Turkey 
and several Latin American countries, which in those years had been committed to 
higher education reforms, opened up to migrants. The situation worsened after the 
invasion of Austria and Czechoslovakia in 1938, the promulgation of the racial laws 
in Italy the same year, and the outbreak of war. 76 

In the United States, the Immigration Law accorded professors exemption from 
the fixed immigration quota system, facilitating the entry of those who had been in¬ 
vited by an institution in that country. However, the economic crisis of the Great De¬ 
pression years considerably complicated the integration of European scientists into 
the country’s structures. The Emergency Committee for Displaced German Scholars, 
later expanded into that for Displaced Foreign Scholars, in many instances with the 
support of the Rockefeller Foundation, offered numerous temporary posts to those 
who did not have a direct contract with a university. The Committee was obliged 
to follow a cautious policy owing to the economic recession. In October 1933, ac¬ 
cording to the Committee’s estimates, out of a total of 27,000 American university 
professors distributed among some 240 institutions, 2000 had lost their jobs. The pol¬ 
icy followed in the granting of aid was thus dictated by several different factors: to 
encourage scientific excellence, to avoid refugees taking the place of local teaching 
staff, and to avoid the rise of nationalistic xenophobic reactions and anti-Semitic feel¬ 
ings. Consequently, the majority of the grants were of two years duration and without 
the attribution of ordinary teaching tasks; in other words, the foreign professors were 
to concentrate on research, and to give only postgraduate courses. Nevertheless, de¬ 
spite the good intentions, the opposite effect was obtained, as mistrust of the new 
arrivals - who were apparently threatening the jobs of young American researchers - 
was added to the impression that they enjoyed a privileged status whereby they were 
exempt from the heavy teaching load of American universities. 

Veblen was one of the key figures in the organization of the emigration of math¬ 
ematicians in collaboration with the Emergency Committee and with the advice of 
Hermann Weyl. The AMS undertook, at Veblen’s behest, to integrate the foreigners 
into American mathematical institutions as painlessly as possible. And despite the 
difficulties due to the pressure of many young mathematicians who were jobless or 
were employed exclusively in teaching posts, the determined rejection of Nazi pol- 

76) For the United States, see Reingold 1981; on the migration of German scientists to Turkey under 

the presidency of Kemal Atatiirk, see Widmann 1973. 
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icy by the majority of American mathematicians contributed to the refugees being 
accepted. The most important response to the Nazi academic policy was a decision 
by the AMS in 1939 to set up a journal, Mathematical Reviews, as an alternative to 
the German reviews journal, Zentralblatt ftir Mathematik und ihre Grenzgebiete, pub¬ 
lished by Springer, the policy of which had yielded shamefully to Nazi impositions 
by excluding Jewish or politically suspect scientists. 77 

In this difficult situation, von Neumann’s early appointment as an IAS tenure 
faculty member in 1933 ensured him a secure and comfortable position. His career 
as a mathematician developed smoothly during the 1930s. The first course of lectures 
he held at the Princeton University as Jones professor for mathematical physics in the 
Spring of 1930 was devoted to quantum statistics. The following year he dealt again 
with questions of mathematical physics, and in particular hydrodynamics. After his 
appointment to the IAS he continued to hold courses that followed the paths of his 
own research, and the relative cyclostyled notes were widely circulated among Amer¬ 
ican mathematicians: measure theory (1933-34); the theory of operators (1934-35); 
continuous geometry (1936-37); invariant measures (1940-41). These were innova¬ 
tive postgraduate courses closely linked to ongoing research and yet he did not have 
the time to see to their publication as textbooks. They were published several years 
later, some posthumously: they consisted of the texts Functional operators (1950, 
in two volumes, Measures and integrals and The geometry of orthogonal spaces ), 
Continuous geometry (1960, edited by his former student Israel Halperin) and In¬ 
variant measures (1999, based on the notes of Halmos, von Neumann’s assistant in 
1940-41). 78 He worked very hard during this period, encouraged by the favourable 
atmosphere at the IAS and by his lively intellectual exchanges with his European col¬ 
leagues. Moreover, little by little, many among these colleagues moved to the United 
States. For several years he organized together with Veblen a joint seminar on quan¬ 
tum mechanics and geometry. Also, many of the numerous works he published in this 
period were written in collaboration with other scholars. Quite a few of them were 
dedicated to questions of functional analysis linked to the physical mathematical re¬ 
search begun at Gottingen. 

His first papers in English (the principal language of his publications from 1935 
on), published in 1932 in the National Academy of Sciences Proceedings, regarded the 
ergodic hypothesis of statistical mechanics (Neumann (von) 1932b, c). The applica¬ 
tion of probabilistic considerations to mechanics, particularly to the kinetic theory of 
gases and thermodynamics, raised numerous controversies during the late nineteenth 
century, leaving a legacy of numerous open questions: one of the most significant was 
Ludwig Boltzmann’s so-called “ergodic hypothesis” which highly influenced his in¬ 
terpretation of the second law of thermodynamics. The quantum approach had further 
complicated many facets of research on this topic: in his efforts to incorporate various 
aspects in a unified interpretation, von Neumann concerned himself with questions 

77) Reingold 1988; Israel, Nastasi 1998; Israel 2004d. 

78) von Neumann 1950, 1960, 1999. His book Mathematical foundations of quantum mechanics (Neu¬ 
mann (von) 1932a) was translated into English only in 1955. 
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of statistics and thermodynamics. In 1929 he had published in the German journal 
“Zeitschrift fur Physik” a study on the ergodic hypothesis and Boltzmann’s “H theo¬ 
rem” in the field of quantum mechanics (Neumann (von) 1929a). He later developed 
the idea of using measure theory to provide a mathematical formalization of the er¬ 
godic theory. Later on the American mathematician George D. Birkhoff improved 
and extended these results; this marked the beginning of a line of research of great 
importance both for statistical mechanics and for the theory of dynamical systems. 

In this way, ergodic theory began to emerge as an autonomous mathematical 
theory. Von Neumann continued to take an interest in ergodic theory and discussed 
it with Wiener (Heims 1980, 171), but he wrote no further articles on this topic. 
He instead continued to study the theory of operators in Hilbert spaces, obtaining a 
general formulation of spectral theory. In 1929 he had introduced for the first time 
families of operators characterized by a certain property, based on the research of 
Emmy Noether and Emil Artin on non-commutative algebras. Many years later he 
proposed this topic to a newly minted Columbia PhD, Francis J. Murray, who in 
1935 won an NRC grant to complete his training at Princeton: von Neumann and 
Murray thus developed together the study of rings of operators, later known as von 
Neumann algebras. 

This research stimulated an interest in the study of spaces that generalize pro¬ 
jective spaces related to lattice theory, which was given the name “continuous ge¬ 
ometry”. This approach aroused the interest of Garrett Birkhoff and, in 1936, he and 
von Neumann collaborated on an article that proposed an innovative approach to the 
foundadons of quantum mechanics. 79 In the summer of 1935, Birkhoff, von Neu¬ 
mann, and Marshall H. Stone, on their way to a mathematical congress in Moscow 
devoted to topology, presented these results in the course of several lectures given at 
Warsaw. 80 

Another important line of research in the field of measure theory and related 
to Hilbert’s fifth problem - consisting in the conjecture that each locally Euclidean 
group is a Lie group - was suggested by an article by his Hungarian colleague Haar 
demonstrating the existence of an appropriate measure in topological spaces. Von 
Neumann read Haar’s paper in 1932, while it was still being written. It was published 
in 1933, in the Princeton Annals of Mathematics, together with a solution by von 
Neumann for Hilbert’s fifth problem for compact groups, which used Haar’s mea¬ 
sure. This result aroused considerable interest in Moscow and, in 1936, von Neu¬ 
mann published another article on the uniqueness of Haar’s measure in the first issue 
of the new series of the USSR journal Matematiceskij Sbornik. These studies were 
followed by other articles on quasi-periodic functions, written in collaboration with 
Solomon Bochner. 82 

79) Neumann (von), Birkhoff 1936. See Van Hove 1958 and Redei, Stoltzner (eds.) 2001. 

80) Ulam 1958, 19. For further details see Birkhoff 1958 and the complete bibliography of von Neu¬ 
mann’s works in JNCW 1960-1963. 

81) Haar 1933, Neumann (von) 1933 and 1936; on von Neumann’s work on measure theory see Ulam 
1958 and Halmos 1958 and 1973. 
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This astonishing succession of topics was tackled by von Neumann at a hec¬ 
tic rate, without dedicating too much time to any one of them. Garrett Birkhoff, for 
example, wondered what degree of development lattice theory would have attained 
if that intense activity had lasted twenty years instead of two or so (Birkhoff 1958). 
And Halmos, after pointing out that von Neumann’s publications on measure theory 
and ergodic theory represented one eighth of his scientific production, wrote that: «it 
seems to be safe to say that if von Neumann had never done anything else, they would 
have been sufficient to guarantee him mathematical immortality» (Halmos 1958, 93). 

His prestige was now consolidated: in 1937 he was invited to hold the oldest 
and most prestigious cycle of lectures of the AMS, the “Colloquium Lectures”, and 
in 1938 the Society awarded him the Bocher Prize. But, in the meantime, throughout 
Europe - from Moscow to Gottingen, from Budapest to Rome - the dramatic develop¬ 
ments of the political situation were either drastically curtailing scientific activity or 
impressing a new orientation on it. The outbreak of World War II and the subsequent 
involvement of the United States interrupted the peaceful course of academic life at 
Princeton and marked a turning point in von Neumann’s life and scientific career. 


4.3 Scientific commitment during World War II 

As soon as he obtained US citizenship in 1937, von Neumann received, via Veblen, 
a proposal to collaborate with the US armed forces. The Ballistics Research Labora¬ 
tory (BRL) of the Army Ordnance Department (AOD), located at Aberdeen, Mary¬ 
land, was being reorganized in view of the pre-war situation in Europe. Veblen, who 
had collaborated with the Laboratory ever since its foundation during World War I, 
considered that military research could take advantage of the contribution of civilian 
scientists. 

At the time of World War I, scientists’ contributions to wartime technology had 
attracted the attention of governments to the role of science and the scientific mind 
in this context. It was in this period that the NRC was founded in the United States 
in order to organize government participation in the development of scientific and 
technological research. Similar bodies had been set up in many European countries. 
The interest of governments in the technological role of science continued after the 
war, side by side with that of private industrial corporations, such as American and 
German companies developing electricity and the telephone. However, the outbreak 
of World War II led to a quantum leap in this direction, above all because of the 
effectiveness of scientific ideas and research in the development of artillery and other 
aspects of military technology, such as cryptography, radio transmissions and radar or 
various vehicles such as aircraft, tanks and submarines. Indeed, this conflict marked 
the establishment of an iron pact between the science and engineering community and 
national defense, especially in the United States, where scientific and technological 
development was considered, from that time on, as necessary for the nation’s progress 

82) Neumann (von) 1934; Neumann (von), Bochner 1935. Bochner himself was a refugee mathemati¬ 
cian; he was born in Podgorze (now Poland) and spent his early career in Germany. 
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and to guarantee its security. The US government agencies - above all the military 
ones - became the main source, and more generous than ever, of research funds. 83 

At the Aberdeen Laboratory, von Neumann came into direct contact for the 
first time with the needs of “applied” military technical problems and established his 
first direct relations with military institutions. There is no doubt that his “refugee’s” 
sensitivity and his explicit liking for a country that had welcomed him with open 
arms formed the basis of the willingness he immediately displayed to collaborate in 
military research: 

I must say that the main reason [for his coming to America] was partly be¬ 
cause conditions in Hungary were rather limited, and / thought the thing 
I was doing had a better field in America and to a considerable extent 
because I was much more in sympathy with the institutions of America; 
and lastly, because I expected World War II, and I was apprehensive that 
Hungary would be on the Nazi side, and I didn't want to be caught dead 
on that side f 4 

To this must be added that, throughout his scientific career, he had displayed great re¬ 
ceptiveness to the use of mathematics in a wide range of different contexts. Problems 
related to improving artillery shells, the study of shock waves and similar problems 
were linked to questions of mathematical physics which aroused his curiosity above 
and beyond any consideration of practical utility. 

In the Autumn of 1938 he made his last trip to Europe, visiting Lund, Copen¬ 
hagen and Warsaw. In his letters to Veblen, he spoke of the red tape necessary for 
organizing his hasty marriage with Klara Dan , the daughter of a Jewish family in 
Budapest. In October, the future bride obtained her divorce and on 17 November they 
got married in their native city, leaving immediately afterward for the United States. 
The whole family, mother and brothers and sisters, followed them soon after. The 
United States was a safe haven and the work continued. An intense collaboration 
with the economist Oskar Morgenstern, after the latter’s arrival at Princeton in 1938, 
resulted in an article so long that the authors decided to publish it in book form. The 
manuscript was completed in January 1943. The book, Theory of games and eco¬ 
nomic behavior, published in 1944, received favourable reviews and praise, including 


83) See Moy 2001 and Kevles 1995 as representative of the considerable research on these topics carried 
out in recent years which has shed light on the origins of the so-called military-industrial-university 
complex of the Cold War period. On World War I. see the pioneering study by Hughes 1971; and 
on industrial research. Smith 1990. See also Ronald Kline’s analysis (Kline 1995) of the cultural 
discourse among engineers and scientists that accompanied the development of this complex, whose 
point of arrival is the well-known Science, the endless frontier: A report to the President on a 
program for postwar scientific research by Vannevar Bush, drawn up within the OSRD (Bush 1945). 

84) Quoted by Aspray from a hand-corrected draft of testimony “Nomination of John von Neumann 
to be a member of the United States Atomic Energy Commission”, 8 March 1955, conserved in 
the Library of Congress (Aspray 1990, 256, note 32); compare Marina von Neumann Whitman’s 
testimony quoted in Chapter 1. 
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one in March 1946 in the New York Times. It soon became a science best seller in 
spite of the unusual new topic it treated. 85 

However, from the beginning of the war in Europe and above all after the United 
States entered the conflict in December 1941, military research absorbed a growing 
share of von Neumann’s time, leading him to neglect his scientific projects. The at¬ 
mosphere that prevailed at that time is reflected in a few lines he wrote to Ulam: 

Av to the war: I think, as before, qu’on les aura. May take honorable 2-3-4 
years. But it’s going to be a peculiar little world [...] Life is getting com¬ 
plicated. I am indeed writing a book on “economics ” with O. Morgenstern 
[at Princeton University, he was formerly the director of the Austrian “In- 
stitut fiir Konjunkturforschung”). It is, as you guessed, mainly on games, 
with a tendency to apply it to oligopoly etc. and with a distant hope of 
some application to social phenomena. Qui vivra verra. 

But I'm getting more and more snowed under by war work. 86 

In 1940 he was elected member of the newly established Scientific Advisory Com¬ 
mittee of the Aberdeen Laboratory. That same year, together with Robert H. Kent, a 
distinguished military member of the Laboratory, he wrote a paper that was initially 
published as an internal report and then in the Annals of Mathematical Statistics: the 
topic treated consisted of an estimation of probable errors starting from successive 
differences. 87 Again in 1940 he was appointed ballistics consultant in a war prepara¬ 
tion committee set up in September 1939 jointly by the AMS and by the Mathematical 
Association of America (MAA). The committee immediately got in touch with the 
NRC Physical Sciences Division. The United States was now setting about establish¬ 
ing an organization specifically addressing the war effort. 

The first civilian body set up for the purpose of providing systematic scien¬ 
tific assistance to the armed forces was the National Defense Research Committee 
(NDRC), established in 1940 and presided over by the engineer Vannevar Bush. 
When the United States entered the war, the initiatives increased in number and were 
accelerated. Bush moved to preside over a new body having the task of coordinating 
war efforts and of advising the government on scientific issues, the Office of Scientific 
Research and Development (OSRD), which incorporated the NDRC, together with 
other committees dedicated to different matters, such as medical research. The NDRC 
organized the work of scientists and engineers on such issues as submarine warfare, 
radar, electronic countermeasures, explosives and rockets. In September 1941 von 
Neumann began collaborating with Division 8 of the NDRC in the study of detona¬ 
tion waves, aimed at enhancing the preparation of explosive charges in such a way 

85) Aspray 1990, 16. See Chapters 1 and 9 of Aspray’s book for a rich collection of data on the complex 
activity of von Neumann in the United States (see the table regarding von Neumann's appointments, 
consultancies, awards and honorary degrees, ibid., 246-247). 

86) Neumann (von) to Ulam, April 2, 1942 (original in English), in S. Ulam Papers, Archives of the 
American Philosophical Society, Philadelphia, now in Redei 2005 (ed.), 257. 

87) Neumann (von), Kent 1940. The published version is Neumann (von), Kent, Beilinson, Hart 1941. 
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as to concentrate and direct the physical effects of the blast. In September 1942 he 
began working in the Mine Warfare Section of the Navy Bureau of Ordnance (NBO). 

This job took him first to Washington and then to England, where he stayed 
from January to July 1943. In those months, he worked in collaboration with the 
British laboratories on gas dynamics. But above all, it was here that, encouraged by 
the mathematician John A. Todd, organizer of the British Admiralty Computing Ser¬ 
vice, he began to concern himself for the first time with numerical questions and the 
application of automatic computation techniques. «I have also developed an obscene 
interest in computation techniques» he wrote to Veblen in May 1943, when describing 
his English experiences. 88 

Even though he had always displayed an interest in the applications of mathe¬ 
matics in investigating physical or economic problems, in this new environment he 
came into contact with a new aspect of the treatment of mathematics problems: the 
actual computation of the solutions, which allowed a concrete technological imple¬ 
mentation based on theoretical formulations. In the preceding decades, mathemati¬ 
cians and engineers had developed for this purpose many numerical analysis methods 
using graphical procedures or the kind of algorithms developed for instance by Carl 
Runge (the incumbent of the first applied mathematics chair set up at Gottingen). 
Actual calculations were performed by specialized operators known as “computers” 
or “calculators”, many of whom were women, using simple calculating devices man¬ 
ufactured by companies such as IBM (International Business Machines). Thus, the 
term “computer”, which is used nowadays to refer to automatic computing machines, 
used to refer to persons. Then, in the 1930s, several projects began to take shape con¬ 
cerning the construction of powerful fast machines capable of replacing human oper¬ 
ators: first the analog differential analyzers developed by Bush; then the electrome¬ 
chanical calculators of Howard Aiken at Harvard University or George R. Stibitz in 
the Bell Telephone laboratories - to which must be added, in Germany, the project 
of Konrad Zuse; and John Atanasoff’s electronic calculator at Iowa State University. 
Wartime needs, such as the calculation of ballistic tables, aircraft design, logistics and 
fire control led the US government to turn to these pioneers to test the capabilities of 
the new machines. In the concluding years of the war, this marked the beginning of a 
new and revolutionary phase of technological development, which led to the modern 
computer - a stored-program, electronic calculating machine. In this evolution von 
Neumann was to play an important role. 

After his return from England and until the end of the war, he stepped up his 
activities to an astonishing level. He continued his aerodynamic studies for the Ab¬ 
erdeen Laboratory (where the Hungarian born scientist von Karman was also work¬ 
ing), as well as his collaboration with the NBO and research in Division 2 of the 
NDRC on the effects of explosive blast and projectile impact on various structures. In 
September 1943, he began collaborating as a hydrodynamics expert with the scientific 
laboratory of Los Alamos (New Mexico), where, shrouded in the greatest secrecy, 

88) Neumann (von) to Veblen, May 21 1943, O. Veblen Papers, Library of Congress, quoted in Aspray 

1990, 27 ff.; see Todd 1974. 
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the Army Corps of Engineers “Manhattan Project”, commanded by General Leslie 
Groves, had been launched several months earlier. The laboratory was directed by J. 
Robert Oppenheimer. The aim of the “Manhattan Project” was to construct an atomic 
bomb that would bring the war to a strategic turning point. Because of his many other 
commitments, von Neumann was one of the few scientists working on the project 
who did not reside permanently at Los Alamos, but only travelled there periodically. 

One of his first and most decisive contributions derived from the application of 
his studies on explosives: he persuaded the project managers of the advantage of using 
an implosion technique to detonate the bomb. Simulation of the implosion required 
the numerical solution (“integration”) of a partial differential equation with two vari¬ 
ables. In the beginning, operators worked using desktop calculating machines, but 
at the end of 1943 an IBM machine using punched cards began to be used. Von 
Neumann insisted on personally learning how to use the machine. The calculations 
were very slow and had to be verified manually. Thanks to his huge network of con¬ 
tacts throughout the country, he was able to keep up with the innovations continually 
emerging in the field of automated calculation and to give advice on how to improve 
the equipment available at Los Alamos. 

Starting in early 1944 von Neumann was also the head of an IAS research con¬ 
tract with the Applied Mathematics Panel (AMP). The main aim of the latter unit, set 
up in 1942 as part of the NDRC and directed by Warren Weaver, was the solution 
of complex mathematical problems of a military nature and general coordination of 
mathematical contributions in this field. The AMP entered into contracts with several 
universities: the task assigned to the IAS was the study of numerical methods for solv¬ 
ing collision problems. In the closing months of the war this contract was extended to 
research (on behalf of the NBO) on methods to be used in so-called “high-speed cal¬ 
culators”. During that period, von Neumann was kept informed of all projects under 
development regarding automatic machines, in particular that of Stibitz and Aiken’s 
“Mark I” calculator, built with the help of IBM and then donated to Harvard Uni¬ 
versity: this gigantic machine, which so impressed the American public, began to 
function at full capacity for the Navy after it was completed in January 1944. 

However, the most important and top secret project was that of the construction 
of an electronic machine at the Moore School of Electrical Engineering at the Univer¬ 
sity of Pennsylvania, which was to mark the definitive transition from calculators to 
modern electronic computers. This was the ENIAC (Electronic Numerator, Integra¬ 
tor, Analyser and Computer, code name “PX”), a project begun in July 1943 by the 
Aberdeen Laboratory at the request of the AOD. Von Neumann was informed about 
this project in the late Summer of 1944 by Captain Herman H. Goldstine, a mathe¬ 
matician who liaised between the Moore School group and the Aberdeen Laboratory. 
When von Neumann visited the Moore School for the first time, the ENIAC project 
was already at an advanced stage. But before completing the machine, work began on 
a project for a new machine, the EDVAC (Electronic Discrete Variable Computer), 
which was supposed to correct the defects discovered in ENIAC. He began system¬ 
atically to attend the discussions on this new project, which marked the beginning of 
his great contributions to the development of information science and technology. 
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4.4 From the Manhattan Project to the 
Atomic Energy Commission 

Many of the scientific projects developed by the various military services did not 
become operational during the war. When it ended, US scientific and technological 
research continued to be developed in close collaboration with the armed forces. For 
instance, the Office of Naval Research (ONR), set up immediately after the end of 
the war, became the main body supporting mathematical research in the universities. 
With reference to von Neumann’s role, Mina Rees, who had held important posts in 
the AMP of the OSRD, and who was appointed director of mathematical research at 
the ONR, wrote: 

Many of the country’s ablest mathematicians were employed on these 
university contracts, and many moved from their homes to participate. 

[. ..] John von Neumann [...] was also one of those involved with the 
Panel. But his role, not only during the war but after its conclusion, was 
unique; for he was a consultant or other participant in so many govern¬ 
ment or learned activities that his influence was very broadly felt. (Rees 
1988,277) 

The peculiar nature of his role emerges clearly on both the cultural plane, as a key 
figure in the new configuration of technological systems of the second half of the 
twentieth century, and on the political-strategic plane, that is, as far as the basis of 
US armaments policy and of a unilateral approach to foreign policy by many US 
administrations during the same period is concerned. Despite the many important 
links between both planes that merged harmoniously in von Neumann’s intellectual 
personality, we shall first consider the aspects related to the military use of atomic 
energy and the relationship between scientific research and national security. We shall 
then go on and examine his contribution to creation of the systems approach, which 
emerged in the context of large-scale technical projects of national security, but which 
profoundly transformed science and engineering and had a resounding effect on the 
cultural discourse of the second half of the century. 

Von Neumann’s participation in the Los Alamos atomic project was not limited 
to its scientific aspects. From the outset, he kept in touch with military authorities 
controlling the project and sat on the committee that decided on the tactical aspects 
of military use of the bomb and location of the objectives to be bombed. The Truman 
administration’s decision to actually use the atom bomb on Japan in August 1945 
underscored a change of direction in US foreign policy. In the final months of the war, 
the country had avoided setting up an Anglo-American anti-Soviet alliance aimed 
at excluding Stalin’s Soviet Union from the management of international political 
equilibria. The agreement reached in the two international conferences involving the 
Soviet Union, the United States, and the UK held in 1945, before the war actually 
ended (the first in February in the small city of Yalta - attended by President Franklin 
D. Roosevelt, who was to die in April - and the second in Potsdam, in July, after 
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the Nazi surrender) had for a few crucial months in twentieth century history given 
a considerable advantage to Stalin, who was able to implement a determined policy 
aimed at extending the confines of the Soviet Union and at setting up a series of Soviet 
backed communist regimes in the Balkans and in eastern Europe, and at imposing his 
control outside his own frontiers also in Turkey, Iran and China. 89 

In eastern Europe, beneath the facade of the coalition governments prescribed 
by the Yalta declaration and of the “democratic reforms”, he carried out a ruthless pol¬ 
icy of eliminating all the non-communist political forces existing at the time in coun¬ 
tries like Czechoslovakia, Poland, Romania and von Neumann’s birthplace, Hungary. 
Stalin was long able to avoid any radical confrontation with the United States. But 
starting in early 1946, his expansionist aims produced the consolidation in the Tru¬ 
man administration of a tough stance against the Soviet Union. This was instrumental 
in bringing to an end the period of Stalin’s Realpolitik and marked the beginning of 
the Cold War, that is, a state of potential conflict that was to last more than forty years 
(and was ended only by the break-up of the Soviet Union in 1991). 

For some time, the US administration, influenced also by the emotion aroused 
in public opinion by the launching of the bombs on Japan, had directed its efforts 
towards international control of atomic energy, especially under the umbrella of the 
United Nations Organization (UN), which was founded at the San Francisco con¬ 
ference in April-June 1945. Here we shall not go into a discussion concerning the 
reasons for the launching of the two atomic bombs on Hiroshima and Nagasaki de¬ 
cided by President Truman: there has been much debate about the actual effectiveness 
of the bombing with regard to the final victory and ending the war, and about the pos¬ 
sibility that the decision was rather a signal to the potential future enemy, the Soviet 
Union. 

The consequence of the atomic explosions in Japan was a radical divergence of 
opinions in the scientific community, which had made such important contributions 
to the building of the atomic bomb. The danger of the Nazis winning the war had 
gathered together many scientists of different nationalities around the Los Alamos 
project. After the war, several of them, such as Bush and Oppenheimer, contributed 
actively to the formulation of a US nuclear policy; many others, like Einstein, Bohr, or 
Szilard, undertook a determined pacifist campaign against the further development of 
atomic weapons. A few months after the end of the war, the Federation of American 
Scientists (FAS) was set up with the main objective of opposing a further expansion of 
nuclear weaponry and disseminated its ideas through the Bulletin of Atomic Scientists. 
Von Neumann from the outset distanced himself from the FAS and avoided making 
any public statement concerning the military use of atomic energy. 90 He essentially 
reserved for himself a role of expert, that is, he placed his technical competence at 
the service of military and political decision-making. However, he did not shy from 

89) See Zubok, Pleshakov 1996 and Zubok 2007, and the list of sources and studies published in Russia 
since the end of the Soviet Union on the origins of the Cold War contained in Zubok 2007. 

90) An analysis of the 1948 exchange of letters between von Neumann and FAS members conserved in 
the Library of Congress may be found in the chapter “Von Neumann and the Arms Race” by Heims 
(1980, 235). 
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the new need for public commitment by scientists in the atomic age. His attitude, 
expressed through various consultative bodies as well as in his actions, mainly in 
narrow government circles or in academe, left no doubt as to his support for the 
further development of nuclear technology as a guarantee of national security and the 
key to the United States’ international role in the defense of economic freedom and 
democracy. 91 

His patriotic attachment to the United States, which is quite understandable in 
view of the previous events in his life, was added to his hostility towards the Soviet 
Union: once Hitler’s Nazism had been defeated, the Soviet Union became the new 
totalitarian enemy in the face of which no hesitation was possible. In these circum¬ 
stances, von Neumann’s profile again came to the fore: his interest in public activities 
and high level relations and his capacity not only to give scientific and technical 
advice but also to collaborate with the executive machine sharing a general political 
framework. In particular, he displayed a great naturalness in his relations with the mil¬ 
itary, something that was not always found easy by other scientists. In 1947 he was 
awarded the US Presidential Medal for Merit, as well as the US Navy Distinguished 
Civilian Service Award. This put the seal on a solid pact and von Neumann’s position 
as a trusted expert of military and government bodies was further consolidated. 

In 1946 the Atomic Energy Act was approved which established the Atomic 
Energy Commission (AEC), a body that had a strong influence on American mili¬ 
tary policy in the postwar period. In the meantime, research continued at Los Alamos 
within the framework of a more select working group including von Neumann, Teller, 
and Ulam. In June 1946 the Laboratory produced a very optimistic secret report con¬ 
cerning the prospects of the new project: the construction of a new more powerful 
bomb based on nuclear fusion, the so-called H bomb or thermonuclear bomb. In July 
1946 von Neumann participated as an official observer in the atomic tests carried out 
at Bikini Atoll in the Marshall Islands in the South Pacific. Work continued in secret 
for several years while the cold war climate between the United States and the Soviet 
Union increasingly dominated the international political situation. 

Communism spread rapidly to the eastern European countries, with the result¬ 
ing formation of a strong Soviet Union area of influence. In 1948, a blockade of West 
Berlin (the partition of Berlin was part of the Yalta accords) led to the famous US Ber¬ 
lin airlift. In February 1949 the communist revolution was victorious in China and the 
US atomic monopoly was ended on August 29, the symbolic date of the explosion of 
the first Soviet atomic bomb in the Kazakhstan Republic. In June 1950, North Korean 
troops invaded the South, causing the US to intervene under the UN flag. All efforts 
to exert control over arms were abandoned and the priority aim for both superpowers 
became that of gaining military superiority and of preparing for possible conflict. 

President Truman then definitively took the decision to develop the new su¬ 
perbomb, an idea pleaded by one influential AEC commissioner, Lewis Strauss, and 

91) One fundamental piece of evidence is a draft of testimony "Nomination of John von Neumann to 
be a member of the United States Atomic Energy Commission”, 8 March 1955 (see above section 
4.3 "Scientific commitment during World War II”). 
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supported by the Secretary of State John Foster Dulles. The AEC General Advisory 
Committee, chaired by Oppenheimer, was instead against it, defending the idea of 
producing small tactical nuclear warheads and recommending there should be a pub¬ 
lic debate on US nuclear policy. The Committee succeeded in convincing the majority 
of the AEC members, but President Truman nevertheless decided to go ahead with the 
project. This was a great triumph for von Neumann and Teller, who were convinced 
champions of this decision. As Heims has shown, the identity of views between the 
powerful Strauss and von Neumann led to a strong alliance being forged between the 
two and von Neumann, with Strauss’s support, began to gain entry to several influ¬ 
ential bodies. Starting from 1950, he actually began to take part in the meetings of 
various committees in Washington, such as the Weapons Systems Evaluation Group, 
the Armed Forces Special Weapons Project and, after 1951, the Air Force Scientific 
Advisory Board. The H bomb research culminated in the first test, known as Mike 
Shot, made in the Marshall Islands on 1 November 1952: the small island of Eni- 
wetok was wiped off the map. In the same year, von Neumann filled a vacancy on 
the AEC General Advisory Committee, while Oppenheimer, when his term of office 
expired, was not re-elected chairman and rapidly lost influence. 

The problem of the United States retaining its supremacy led to wide-ranging 
debate in government circles concerning the orientation of military policy. The idea 
then arose - apparently supported also by von Neumann - of a pre-emptive strike, 
involving a nuclear attack directed towards strategic points, aimed at defeating the 
enemy before it became too strong. Although this idea came to nothing, the study 
of possible scenarios in a future conflict underwent an extraordinary expansion. Von 
Neumann’s game theory was applied extensively to these problems, in particular to 
the strategic analyses developed for the US Air Force by the RAND Corporation, an 
institution with which he collaborated systematically from 1948 on. 

In those years, US foreign policy was dominated by the military problem and 
the atmosphere inside the country was laden with tensions. At the end of 1952 Gen¬ 
eral Eisenhower, a World War II hero, was elected president: under his presidency, 
Strauss’s influence increased even further. Eisenhower had given assurances that he 
intended to limit arms growth: this paradoxically was translated into a decision to re¬ 
duce conventional weapons in favour of atomic arms, apparently in obedience to the 
principle of achieving greater power at a lower cost. Indeed US foreign policy in the 
1950s continued to be based on atomic deterrence as a diplomatic weapon for con¬ 
taining the Soviet plans for territorial expansion. Eisenhower himself, in his speech 
to the nation in 1961, explicitly referred a posteriori to the reflection of this policy 
on the country administration: the enormous influence exerted on it by the industrial- 
military complex and the rise of the leadership of a scientific-technical elite. Von 
Neumann was without doubt one of the most distinguished members of this elite. 

According to Heims, as a member of the AEC General Advisory Committee - 
and since February 1953 chairman of the weapons sub-committee - von Neumann 
advocated an unrestricted development of nuclear technology: the production of in¬ 
creasingly powerful bombs, the need to carry out atomic tests, and perfection of the 
delivery systems. 92 The latter aspect was the responsibility of the Air Force (AF), 
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on whose Scientific Advisory Board von Neumann sat: technological development in 
this field produced a great quantum leap consisting in the transition from bombers ca¬ 
pable of launching bombs on the target to guided missiles. In 1953, von Neumann be¬ 
came chairman of the Nuclear Weapons Panel, set up as part of the above-mentioned 
AF scientific board as well as chairman of an ad hoc committee of the AF, the Strate¬ 
gic Missiles Evaluation Group, known as the “von Neumann committee”. A further 
promotion of von Neumann into the spheres of power occurred, again in 1954, when 
Donald Quarles, the assistant secretary of defense for research and development, ap¬ 
pointed him to the Technical Advisory Panel on Atomic Energy of the Department of 
Defense. However, he reached the apex of his career in 1955, when he was appointed 
a member of the AEC - the highest official position a scientist could reach in the US 
government - thanks to the firm support of Strauss, who chaired the Commission at 
the time. 


4.5 Scientific research and national security 
during the Cold War 

Backed by his strong determination, von Neumann had persisted, without any ap¬ 
parent hesitation, through the great conflicts caused by the rearmament race of the 
1950s. After Stalin’s death in 1953 and Eisenhower’s election to the US Presidency, 
a few timid attempts to reach disarmament agreements were made in UN circles, al¬ 
though the hopes they raised were soon dashed. The tension did not abate and the 
technological-military race continued. In August 1953 the Soviets tested their first 
thermonuclear bomb. Oppenheimer, in his capacity of chairman of a consultative 
committee on disarmament set up by Eisenhower in 1953, invited the President to 
make the armaments debate public. The climate created by the anti-communist cam¬ 
paign of the Wisconsin Senator Joseph McCarthy caused a scandal that shook the 
US scientific community and the institutions concerned with nuclear policy: Oppen¬ 
heimer was declared a danger to the country’s security by the AEC because of alleged 
attempts to hinder the H bomb program and an alleged conspiracy with well-known 
communists in the 1930s. A commission of inquiry cleared Oppenheimer of these 
charges in June 1954 after a long and difficult hearing. Although these events aroused 
strong echoes in public opinion, even greater repercussions came from the worries 
regarding nuclear fallout, such as the radioactive rain on Nevada between 1953 and 
1955 and the incident during the “Operation Castle” tests in the South Pacific in 
March 1954. 

The Oppenheimer case shook von Neumann who, in his declaration before the 
commission of inquiry, unlike Teller, fully supported his colleague, with whom he 
had long-standing bonds of scientific collaboration. It should be pointed out in this 
connection that Oppenheimer had also been director of the IAS since 1947 and, in 

92) The line of action followed by von Neumann deserves further study insofar as classified sources 

will be available for historical research. 
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this capacity, had supported von Neumann’s project to build a scientific research cal¬ 
culator at the Institute - the Electronic Computer Project, ECP. However, neither this 
nor other events caused von Neumann to deviate from his strenuous opposition to 
any policy of disarmament or even of control over atomic experiments. There is no 
doubt that this attitude, like that of his friends and colleagues who had had similar 
experiences to him, was strongly influenced by the memory of the disastrous conse¬ 
quences of the pacifist policy of disarmament of the western powers in the face of the 
rise of Nazism. 93 Nor does he seem to have had any doubts about the legitimacy of 
the actions of the AEC and other military organizations, which were actually acting 
outside the sphere of public opinion control. Suffice it to consider that the half-yearly 
reports of the AEC referred only to civilian operations, with only very brief outlines 
of the armaments programs that were indeed the very focus of its activities (Heims 
1980, 280-281). Information on the consequences of the atomic tests on ecological 
equilibrium and health in the areas used to carry them out reached American public 
opinion only in the final decades of the century. 

On these topics it is interesting to read several articles published by von Neu¬ 
mann between 1954 and 1955. In a lecture on the “Impact of atomic energy on the 
physical and chemical sciences” delivered at the Massachusetts Institute of Technol¬ 
ogy in 1955, he spoke of the new responsibilities of the scientist in the atomic era 
and with foresight he predicted that developments in disciplines other than the phys¬ 
ical sciences would in future raise social problems of no less import - as indeed has 
happened in the field of biology and biotechnology: 

Scientists who made the control and release of atomic energy possible 
were among the first to feel the changes which this astounding develop¬ 
ment entailed. They are no longer free to carry on their research in iso¬ 
lated “ivory towers” completely free from the need for accounting for the 
possible uses of their discoveries. They are a decisive part of our atomic 
age civilization. [...] 

Pure science is often abstruse, and yet scientists may today be called upon 
to fill positions of considerable responsibility in fields outside their pro¬ 
fessional area of competence. They may become administrators, they may 
have to influence public opinion; all in all, they have great social respon¬ 
sibilities. We must expect that other phases of abstract thinking, other than 
physics and chemistry, may also ultimately evolve into similar roles; that 
is, they may assume military, economic, and more generally social roles 

93) In a letter to Veblen of October 1938. von Neumann wrote: «As to “great” politics I can only say, 
that Mr. Chamberlain obviously wanted to do me a personal favor, since I needed a postponement 
of the next world war very badly. Otherwise: The liquidation of the Tchecoslovak affair may not 
be unreasonable in itself, possibly Tchecoslovakia will get now those frontiers which she ought to 
have had in the first place, after 1918. But I can’t see any reason, why European politics should not 
be in the same mess 6 month’s hence, as they were 6 month’s ago. At any rate I feel closer to your 
views about the British conservatives, than before». (Neumann (von) to Veblen, October 3, 1938, 
O. Veblen Papers, Library of Congress, now in Redei (ed.) 2005, 271) 
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of equally tempting, compelling, and dangerous aspect. Science and sci¬ 
entists have become affected with the public interest in a new way and in 
orders of magnitude that were never imagined a half century ago. [. ..] 

We must recognize that the education of the scientist of the future is not 
complete as long as it is limited to his technical professional subjects; he 
must know something of history, law, economics, government, and public 
opinion. Our task is to make the adjustment to the new conditions as sat¬ 
isfactory as possible. We must do this intelligently and promptly. But we 
must do it without endangering the foundations upon which the sciences 
themselves rest and thrive. 

In this way he pointed to a new path for scientists to follow. They must understand 
the need for a new role for them in that, as a “decisive part” of contemporary society, 
they were called upon to engage in a decisive intervention in the process followed 
by society in making the choices most convenient for it. Such a role could be played 
by a high-level elite, capable of rationally judging and deciding the best policy for 
the country. The role of science and scientists - according to the model he himself 
embodied - was thus not restricted to the development of technology and industry 
alone, but was extended also to the political and social decision-making processes. In 
this sense, his point of view, albeit in such a different historical context, put forward 
the late seventeenth century Enlightenment ideal of a society guided by scientific 
rationalism. 

Von Neumann entrusted the lucidity brought by strategic analysis based on his 
idea of strategic game and relied definitely on the predominance of logical analysis. 
These views - together with a strong loyalty towards his new country - seem to be 
the sole basis of his political outlook in the short article on “Defense in Atomic War” 
written after his nomination as AEC commissioner for a Symposium in honor of his 
colleague Kent of the Aberdeen Laboratory: 

The difficulty with atomic weapons, and especially with missile-carried 
atomic weapons, will be that they can decide a war, and do a good deal 
more in terms of destruction, in less than a month or two weeks. Conse¬ 
quently, the nature of technical surprise will be different from what it was 
before. 

It will not be sufficient to know that the enemy has only fifty possible tricks 
and that you can counter every one of them, but one must also invent some 
system of being able to counter them practically at the instant they occur. 

It is not easy to guess how this is going to be done. Some of the traditional 
aspects of the use of the same weapon for several purposes and of limiting 

94) Neumann (von) 1955c, in JNCW, vol. 6. 522. Once again we emphasize that these phrases illustrate 
von Neumann's change of attitude towards an interest in applied science and the conviction he had 
acquired that science could no longer keep its distance from its practical applications. But this has 
nothing to do with the alleged changes in his scientific conceptions. 
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its use until you need it for defense may have some of the elements of an 
answer. 

However, this will probably mean that you will be forced not to ‘do your 
worst’ at all times, because then when the enemy does his worst you can¬ 
not defend against it, and the one thing you can put on at an instant’s 
notice, if you are strong enough, is power stepped up to the limits of your 
capabilities. Hence, you may have to hold this trump card in reserve. 

Without going further into the details of this matter / just wish to indicate 
generally that quite unconventional methods of systems analysis and of 
operations analysis will bear fruit in the future, as they did in the past. 95 

This passage is extremely enlightening, as it illustrates the well-known conception of 
the strategic balance of terror intended to avoid total destruction. It is not difficult to 
perceive in the theoretical justification of this conception given by von Neumann an 
echo of the pessimistic and moderate realism informing his view of game theory and 
that underlies the minimax solution: not to seek to obtain the maximum possible (in 
this case, “to do worse”) otherwise one runs the risk of obtaining the least appreciated 
result (“we will not be able to defend ourselves”). In the case of nuclear war the most 
reasonable choice is to display a power boosted to the possible maximum in order to 
deter the enemy from taking action. 96 The analogies with views based on von Neu¬ 
mann’s game theory are quite clear. Moreover it is a fact that game theory was one 
of the core topics in the war strategy think-tank represented by the RAND Corpora¬ 
tion. However, it is not legitimate to go too much further and try and establish close 
analogies between von Neumann’s strategic thinking and game theory theorems. 97 

95) Neumann (von) 1955d, in JNCW, vol. 6, 525. 

96) As this passage clearly shows if it is true - as indeed it seems - that von Neumann was a champion 
of a “first strike” on the Soviet Union, it is not possible to relate this proposal to a general theoretical 
view which, at least from here, seems to be in favour of a different or at least more problematic view. 
If anything, the “first strike" could be interpreted as a warning shot. 

97) This is the main shortcoming of William Poundstone’s book on von Neumann (Poundstone 1992). 
Poundstone endeavours to establish a link between the nuclear policy trends and the so-called “pris¬ 
oner’s dilemma”. In fact, as Poundstone himself admits, this famous example was conceived of for 
purposes quite alien to military problems, that is to jeopardize Nash’s concept of equilibrium (on 
this topic, to which we shall come back later, see also Nasar 1998). Only later was it attempted 
to find a link between the content of this case and the nuclear problem, with uncertain and quite 
controversial outcome. However, von Neumann was extraneous to and disinterested in this type 
of problem, also because of his fundamental dissent with Nash’s approach in game theory (also 
this point will be discussed later). For this reason Poundstone’s book does not succeed in estab¬ 
lishing any reasonable connection. Its treatment is a set of disjointed parts that could fill three 
separate books: the strategic questions, game theory, and the life of von Neumann. Moreover, von 
Neumann’s biography is the acme of gossip: the author collects all the possible and imaginable 
anecdotes, even the most improbable, and does not stop short in the face of a detailed exhibition of 
the more minute aspects of von Neumann's physical and mental breakdown on his death bed. Even 
von Neumann’s intelligence is rendered in a comic fashion: it is reduced to that of a kind of "idiot 
savant”, a monstrous memory, notable above all for retaining anything, even list of names from a 
telephone book. 
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4.6 Freedom and limitations in the development 
of science and technology 

The solid scientific and political outlook that von Neumann developed in response 
to the new conditions of the activity of the twentieth century scientist explains the 
way in which he succeeded in measuring himself with the research carried out in the 
military and industrial field. On the one hand, there was the need to carry on research 
covered by secrecy and by patents, and forego the publication of the results and their 
dissemination in the international scientific community; on the other hand, the lim¬ 
itation of research to technology-oriented programs meant an invasion of the holy 
ground of scientific freedom by a utilitarian conception. Von Neumann was always 
extremely sensitive to this type of implication. Consequently, at the end of World War 
II, his collaboration on the EDVAC calculator project led to a controversy with the 
chief engineer of the project at the Moore School of the University of Pennsylvania, 
J. Presper Eckert, and with the group’s mathematician, John W. Mauchly. In Spring 
1945 von Neumann had written a report containing the discussions concerning the 
new calculator (“First draft of a report on the EDVAC”) 98 , which was distributed in 
June to the group and the government services funding the project. The report, about 
100 pages in length, was circulated informally among various US and British groups 
even though it had not actually been published, providing a good example of post¬ 
war scientific “gray literature”. This report, which was much appreciated, became the 
starting point of a controversy, not only over intellectual priority of the key ideas for 
EDVAC, but also legal rights for industrial and commercial exploitation of the ideas. 

In March 1946, Eckert and Mauchly were compelled to leave the University of 
Pennsylvania as they had refused to sign a new agreement proposed by the university 
according to which the rights of all the inventions of its employees automatically be¬ 
longed to it. They later became partners in a company set up to commercially exploit 
their work and, at that stage, the Pentagon lawyers intervened to resolve the question. 
On the strength of the above-mentioned report, von Neumann defended his right to 
patent the idea on which the EDVAC was based: the result was that these ideas were 
considered as belonging to the public domain without any of the rival parties having 
the right to patent them. In the meantime, von Neumann changed the patenting policy 
of the ECP, which was then in full development inside the IAS, by abolishing the 
rule that the rights belonged to the engineers who had been the individual authors 
of the contributions and considering all the ideas as linked to the public project; he 
also excluded the Eckert and Mauchly group from all access to information concern¬ 
ing the project. In May 1946 he wrote in a private communication concerning the 
“EDVAC affair”: «I would never have undertaken my consulting work at the Univer¬ 
sity had I realized that I was essentially giving consulting services to a commercial 
group»." Even though he collaborated with several private companies in the role of 
consultant, he always rigorously upheld the distinction between industrial research, 

98) Neumann (von) 1945a. On this matter see Aspray 1990. 

99) Neumann (von) to Aaron Townshend, June 6, 1946, quoted in Aspray 1990. 45. 
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academic research and that performed on behalf of the government. Indeed his ac¬ 
tivity was always that of an expert; only when his term of office as a member of the 
AEC was about to expire did he begin to make plans for an entrepreneurial activity - 
thus returning to the commercial origins of his family - although this never actually 
came about. 

This matter provides an occasion to examine in greater detail a central issue that 
could not fail to emerge in all its complexity to a scientist who had decided to plunge 
into the minefield of the social, political, military and industrial use of science, with 
all the ethical problems this entailed: the problem of the relations between scientific 
research and the constraints on its freedom, as a function of the risk associated with 
its applications. 

Consistent with the attitude he had shown in the “EDVAC affair”, he took a 
dim view of all purely utilitarian conceptions of science. In the notes he wrote for his 
statement before the US Special Senate Committee on Atomic Energy of 31 January 
1946 (Neumann (von) 1946a, available in JNCW, vol. 6), he issued a very concrete 
warning against possible errors in the held of action by government agencies (in 
particular, the military) regarding the direction of scientific research and the planning 
of national science policy. The warning was based on a genuinely classical conception 
of science: 

In regulating science, it is important to realize that the legislator is touch¬ 
ing at a matter of extreme delicacy. Strict regulation, and even the threat 
or the anticipation of strict regulation, is perfectly able to stop the pro¬ 
gress of science in the country where it occurs. The fact that strict or 
unreasonable regulations may deter mature scien tists from pursuing their 
vocation, or from pursuing it with that degree of enthusiasm which is nec¬ 
essary for success, is in itself important, but it is not the most important 
fact. What is more fundamental is this: The numbers of new talent which 
accede in any one year to a given field of science are subject to consider¬ 
able oscillations. They decrease or increase in response to the emergence 
of new interests, to changing social valuations, to new developments in 
the field in question, or in neighboring, scientific or applied fields, etc. 1 
am convinced that seemingly small mistakes in ‘'regulating” science may 
affect the ‘‘reproduction” of scientists catastrophically. 

Thus, erroneous legislation on this subject may harm science in this coun¬ 
try seriously, even irremediably. Great intellectual values could be lost in 
this manner. Apart from this, damage to fundamental science would, at 
the present stage of industrial development, soon cause comparable dam¬ 
age in the technological, and then in the economical sphere. Finally, since 
other countries may not be similarly affected, it would seriously impair 
the national defense. 

For all these reasons I am absolutely convinced that it is necessary to 
maintain and to protect the natural modus operandi of fundamental re¬ 
search, and specifically two of its cornerstones: freedom in selecting the 
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subject of fundamental research, and freedom in publishing its results. 

Any attempt to subdivide nuclear physics is futile from the start. To make 
work on the fission of heavy nuclei a preserve for special rules or for se¬ 
crecy would be vain, since the reactions of light nuclei may later assume 
an even greater importance. To police all work on transmutations of all 
atomic species may still prove inadequate: Still other sources of primary 
energy may exist in processes yet to be discovered. Science, and particu¬ 
larly physics, forms an indivisible unit, and no attempt to compartmental¬ 
ize it can produce anything but disappointment. And to put all of atomic 
physics, or all of physics, on the restricted and classified list would clearly 
kill the physical sciences . 100 

However, it was no longer possible to turn a blind eye to the hazards science had 
produced for society as a whole and even for the environment: 

It is for the first time that science has produced results which require an 
immediate intervention of organized society, of the government. Of course 
science has produced many results before which were of great importance 
to society, directly or indirectly. And there have been before scientific pro¬ 
cesses which required some minor policing measures of the government. 

But it is for the first time that a vast area of research, right in the central 
part of the physical sciences, impinges on a broad front on the vital zone of 
society, and clearly requires rapid and general regulation. It is now that 
physical science has become ‘important’ in that painful and dangerous 
sense which causes the state to intervene. 

Considering the vastness of the ultimate objectives of science, it has been 
clear for a long time to thoughtful persons that this moment must come, 
sooner or later. We know that it has come. [. ..] 

Regulation is needed, because nuclear physics, in combination with ir¬ 
responsible or clumsy politics, could at this very moment inflict terrible 
wounds on society. And with some more development, which could be ef¬ 
fected - and probably will be effected by some country or other - in a 
moderate number of years, and the main outlines of which are perfectly 
discernible today to the expert, the same combination of physics and pol¬ 
itics could render the surface of the earth uninhabitable. [...] Regulation 
of science, on the other hand, must not go too far, Indeed, it should not go 
very far in any event, no matter how great risks are involved . 101 

The two passages show up all the complexity of the problem and the contradiction 
that is opened: on the one hand, regulation is necessary, on the other, it must not go 
too far, without him clearly indicating the level at which it should be halted. However, 

100) Neumann (von) 1946a, in JNCW, vol. 6, 500-501. 

101) Ibid., 499-500. 
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the logical sequence with which the two horns of the dilemma are presented - in the 
text the passages occupy a position that is the reverse of the way we presented them 
- provides a clear indication of his inclination. It is no longer possible to deny the 
need for some form of regulation and the fact that «science has outgrown the age of 
independence from society» - a fact that «many scientists regret, and I am one of 
them». 102 But at the same time, everything possible should be done to preserve the 
freedom of science, and above all of “pure” or “basic” research, lest science itself be 
killed, and in perspective also technological and economic development: 

There must, however, be no restriction in principle in any part of science, 

and none in nuclear physics in particular, and absolutely no secrecy or 

possibility of classification of the results of fundamental research . 103 

It should be noted that this prospected balance proved extremely difficult to pursue, 
particularly in the field of military research. Indeed, in complete contradiction with 
the clarity of the statement that has just been quoted, much of his research was kept 
secret owing to its military implications, even when it had the status of fundamental 
research. In order to understand the difficulties involved in reaching this necessary 
equilibrium one should take into account that von Neumann’s defense of research in 
the military field and his refusal of pure utilitarianism were part of a general assertion 
of the “rights of science” based on a radically laissez-faire conception. 

Von Neumann actually defended the legitimacy of the risks of nuclear testing 
even after the “Operation Castle” accident, and was opposed to the drafting of a re¬ 
port for the United Nations on the risks of radioactive rain, on the grounds that it 
was contrary to United States’ interests. It is worth making a short remark on this 
point. This kind of position is typical of the majority of scientists, not only during the 
postwar period, but also today. In the 1980s and 1990s a strong feeling emerged in 
many countries that it was necessary to exert control over technological development 
not only in physics but also in the biological field: this need is the subject of heated 
debate today. Nevertheless, it may be claimed without fear of contradiction that most 
research continues to be carried out without any problem, overcoming all obstacles, 
despite the activities of the various bioethical committees, which actually serve only 
to tranquilize public opinion and to isolate the problem, placing it back in the hands 
of the “experts”. 

The complex problems involved in the social use of science as well as the re¬ 
lations between pure and applied science were addressed by von Neumann on other 
occasions. A 1955 article in Fortune magazine with the significant title “Can we sur¬ 
vive technology” is of particular importance (Neumann (von) 1955b). The half title 
preceding it expresses all of von Neumann’s cautious realism and his lack of confi¬ 
dence in the innate nature of human rationality: «From the kind of explosiveness that 
man will be able to contrive by 1980, the globe is dangerously small, its political units 
dangerously unstable». 

102) Ibid., 500. 

103) Ibid., 501. 
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In this article he fully resumes all the topics he had committed ten years before 
to the consideration of the Senate Committee on Atomic Energy (Neumann (von) 
1946a), as well as the problem of the initiatives that could or should be taken in 
order to prevent the risks inherent in science and technology. He traces out a very 
gloomy picture of these risks, not only as far as the nuclear issue is concerned, but 
also regarding climatic and environmental questions, revealing himself to be a clear¬ 
sighted prophet. However, it is precisely the global and catastrophic nature of the risk 
that prevents the prospects of a complete and satisfactory solution being taken too 
seriously: 

Present awful possibilities of nuclear warfare may give way to others even 
more awful. After global climate control becomes possible, perhaps all 
our present involvements will seem simple. We should not deceive our¬ 
selves: once such possibilities become actual, they will be exploited. It 
will, therefore, be necessary to develop suitable new political forms and 
procedures. All experience shows that even smaller technological changes 
than those now on the cards profoundly transform political and social re¬ 
lationships. Experience also shows that these transformations are not a 
priori predictable and that most contemporary “first guesses ” concern¬ 
ing them are wrong. For all these reasons, one should take neither present 
difficulties nor presently proposed reforms too seriously , 104 

The reason why both the difficulties and the solutions should not be taken too seri¬ 
ously depends on the fact that the risk is not something that comes from the outside, 
but is inherent in the very structure of science and technology: 

What kind of action does this situation call for? Whatever one feels in¬ 
clined to do, one decisive trait must be considered: the very techniques 
that create the dangers and the instabilities are in themselves useful, or 
closely related to the useful. In fact, the more useful they could be, the 
more unstabilizing their effects can also be. It is not a particular perverse 
destructiveness of one particular invention that creates danger. Techno¬ 
logical power, technological efficiency as such, is an ambivalent achieve¬ 
ment. Its danger is intrinsic . 105 

For this reason, however disturbing the panorama that lies before us, the only form 
of regulation is finally that of protecting the natural modus operandi of science, so 
that von Neumann displays a perfect continuity with his ideas of ten years before. 
One paragraph in the article has the significant title: “Science the indivisible”. And 
here we find one of the reasons why, after unreservedly stating the risks involved in 
technology and science, he ends up by practically excluding any form of regulation: 

104) Neumann (von) 1955b, in JNCW, vol. 6, 519. 

105) Ibid., 515. 
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In looking for a solution, it is well to exclude one pseudosolution at the 
start. The crisis will not be resolved by inhibiting this or that apparently 
particularly obnoxious form of technology. For one thing, the parts of 
technology, as well as of the underlying sciences, are so intertwined that 
in the long run nothing less than a total elimination of all technologi¬ 
cal progress would suffice for inhibition. Also, on a more pedestrian and 
immediate basis, useful and harmful techniques lie everywhere so close 
together that it is never possible to separate the lions from the lambs . 106 

The second reason is that a restrictive and inhibitory attitude would be contrary to 

industrial era ethos : 

Finally and, I believe, most importantly, prohibition of technology ( inven¬ 
tion and development, which are hardly separable from underlying sci¬ 
entific inquiry), is contrary to the whole ethos of the industrial age. It is 
irreconcilable with a major mode of intellectuality as our age understands 
it. It is hard to imagine such a restraint successfully imposed in our civi¬ 
lization. Only if those disasters that we fear had already occurred, only if 
humanity were already completely disillusioned about technological civ¬ 
ilization, could such a step be taken. But not even the disasters of recent 
wars have produced that degree of disillusionment. 

So what is the realistic and possible answer? It must be based on the simplest and 

most direct pragmatism: to rely on a kind of “do it yourself” set of remedies, to trust 

in a form of innate capacity of mankind to survive disasters: 

What safeguard remains? Apparently only day-to-day - or perhaps year- 
to-year - opportunistic measures, a long sequence of small, correct deci¬ 
sions. And this is not surprising. After all, the crisis is due to the rapidity 
of progress, to the probable further acceleration thereof, and to the reach¬ 
ing of certain critical relationships. Specifically, the effects that we are 
now beginning to produce are of the same order of magnitude as that of 
“the great globe itself”. Indeed, they affect the earth as an entity. Hence 
further acceleration can no longer be absorbed as in the past by an exten¬ 
sion of the area of operations. Under present conditions it is unreasonable 
to expect a novel cure-all. 

For progress there is no cure. Any attempt to find automatically safe chan¬ 
nels for the present explosive variety of progress must lead to frustration. 

The only safety possible is relative, and it lies in an intelligent exercise of 
day-to-day judgment. [...] 

The one solid fact is that the difficulties are due to an evolution that, while 
useful and constructive, is also dangerous. Can we produce the required 


106) Ibid., 515-516. 

107) Ibid., 516-517. 
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adjustments with the necessary speed? The most hopeful answer is that 
the human species has been subjected to similar tests before and seems 
to have a congenital ability to come through, after varying amounts of 
trouble. To ask in advance for a complete recipe would be unreasonable. 

We can specify only the human qualities required: patience, flexibility, 
intelligence . 108 

In actual fact, von Neumann’s view cannot be reduced to simple pragmatism or to 
total laissez faire. The other decisive element in his view was the role of scientific 
knowledge and of scientists. Thus, in the article in question, it is not possible to 
overlook a section entitled “Rather fantastic effects”. Although emphasizing the huge 
difficulty involved in predicting complex phenomena, such as the weather, here he op¬ 
timistically claims that «our knowledge of the dynamics and the controlling processes 
in the atmosphere is rapidly approaching a level that would permit such predictions 
He then goes on to say: 

What would be harmful and what beneficial - and to which regions of 
the earth - is not immediately obvious. But there is little doubt that one 
could carry out analyses needed to predict results, intervene on any de¬ 
sired scale, and ultimately achieve rather fantastic effects . 109 

Here there emerges a characteristic aspect of his thought: the disenchanted and skep¬ 
tical realism concerning the capacity of human society to make the most rational and 
effective choices as a function of their well-being, is compensated by a very strong 
faith, an almost unlimited optimism concerning the opportunities offered by science, 
and in particular, by science founded on the mathematical method. So, the acknowl¬ 
edgement of the increasing complexity of the problems faced by mankind is tempered 
by confidence in science’s growing capacity to predict and to provide the means re¬ 
quired for intervention. Von Neumann always displayed an inclination to interpret 
complexity in terms of “complication”, that is, as an obstacle that can be overcome 
by means of an increasingly sophisticated approach - more and more adequate mod¬ 
els and of more and more perfected calculus procedures. This optimism proved to be 
excessive, in view of the subsequent developments regarding complexity and of the 
emergence of epistemological obstacles such as those raised by deterministic chaos 
theory, starting in the 1970s. 

Von Neumann’s choices were always determined by convictions rooted in a 
well-defined ethical view, and in particular in the primary value of democracy and 
free market (“the institutions of America”, using his own words), which he consid¬ 
ered as something to be defended at all costs. It is equally certain that science and the 
scientific view of things was the centre of gravity of all his thinking. This accounts for 
his deep-seated conviction that all questions may be resolved or prepared for a reso¬ 
lution that is at least reasonable and acceptable provided it is addressed in accordance 

108) Ibid., 518-519. 

109) Ibid., 513. 
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with the principles of scientific rationality; and this accounts for the central role he 
attributed to the scientific community as the enlightened guide of society: only scien¬ 
tists could guarantee a management of society as rational as possible. We have above 
described this as a neo-enlightened point of view because it revived eighteenth cen¬ 
tury scientific philosophy principles - albeit in a distant and quite different context. 
Also this can provide some explanation for his enthusiastic endorsement of the ideals 
of American society, which he perceived as being firmly rooted in those principles. 

Needless to say this view contained some illusory aspects. Not only because 
it was based on faith in the constant increase in science’s predictive capacity, which 
ultimately proved to be somewhat over-optimistic. But above all because - on the so¬ 
cial plane - the accordance to the learned of a dominant role in government, although 
in deference to criteria of rationality, contains the germ of tyranny. 110 In actual fact, 
the growing weight that accrues with a scientific background like von Neumann’s in 
the US government, in close coordination with military and industrial leaders, led 
to the formation of a scientific and technological elite, which ultimately exerted un¬ 
bounded power, capable not only of challenging the spheres of political power, but 
of actually influencing its decisions and of straining the traditional rules of democ¬ 
racy. It has already been mentioned how the most sensational admission regarding 
this state of affairs was made by President Eisenhower himself in a speech delivered 
on 17 January 1961 in which, taking stock of his government’s activity, he revealed 
the conflicts and problems he had had to face and presented a lucid analysis of the 
evolution of scientific and technical endeavour: 

In the councils of government, we must guard against the acquisition of 
unwarranted influence, whether sought or unsought, by the military in¬ 
dustrial complex. The potential for the disastrous rise of misplaced power 
exists and will persist. 

We must never let the weight of this combination endanger our liberties or 
democratic processes. We should take nothing for granted. Only an alert 
and knowledgeable citizenry can compel the proper meshing of the huge 
industrial and military machinery of defense with our peaceful methods 
and goals, so that security and liberty may prosper together. 

Akin to, and largely responsible for the sweeping changes in our indus¬ 
trial-military posture, has been the technological revolution during recent 
decades. In this revolution, research has become central; it also becomes 
more formalized, complex, and costly. A steadily increasing share is con¬ 
ducted for, by, or at the direction of, the Federal government. 

110) It is worth recalling in this connection the brilliant analysis made by Alexandre Koyre: «Politics re¬ 
minds us that only knowledge justifies the possession and exercise of power and that, consequently, 
the ideal statesman, invested with absolute power, with a power that is not governed and circum¬ 
scribed by law, may exert it justly only if he is endowed at the same time with absolute knowledge. 
There is no doubt that a City managed and governed by a politikos possessing such a “science” [...] 
would be happier than a City governed by the law. f...] Alas, such a science is not human. The ideal 
politikos would have to be a wise man: even more, a god. If he were a man, that is, if a man placed 
himself above the law, he would necessarily be a tyrant® (Koyre 1962). 
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Today, the solitary inventor, tinkering in his shop, has been overshadowed 
by taskforces of scientists in laboratories and testing fields. In the same 
fashion, the free university, historically the fountainhead of free ideas 
and scientific discovery, has experienced a revolution in the conduct of 
research. Partly because of the huge costs involved, a government con¬ 
tract becomes virtually a substitute for intellectual curiosity. For every 
old blackboard there are now hundreds of new electronic computers. 

The prospect of domination of the nation’s scholars by Federal employ¬ 
ment, project allocations, and the power of money is ever present and is 
gravely to be regarded. 

Yet, in holding scientific research and discovery in respect, as we should, 
we must also be alert to the equal and opposite danger that public policy 
could itself become the captive of a scientific technological elite. It is the 
task of statesmanship to mold, to balance, and to integrate these and other 
forces, new and old, within the principles of our democratic system - ever 
aiming toward the supreme goals of our free society. 

This is authoritative testimony which provides some highly topical material for re¬ 
flection concerning the risk of the idea that, although with the best of intentions, the 
technological and scientific apparatus is able on its own to provide all the elements 
required for a rational and “just” management of society. 


4.7 Systems, information, control 

Von Neumann’s collaboration with the AOD in the field of the development of au¬ 
tomatic calculation continued after the war, first in continuation of construction of 
the EDVAC calculator and then in other developments of information technology. He 
prepared a number of reports for the NBO and other military organizations, which 
were deemed to be of enormous importance. Nevertheless, as internal reports many 
of them were not published and were in some cases classified. They were still cov¬ 
ered by secrecy when Abraham H. Taub was preparing an edition of the complete 
works of von Neumann, published between 1960 and 1963. For example, the hitherto 
unpublished material contained in it included a report written together with Golds- 
tine On the principles of large scale computing machines (Neumann (von), Goldstine 
1946), which gathers together materials from several lectures given around 1946, and 
a report written in 1949 to the ONR on Recent theories of turbulence (Neumann (von) 
1949c). 

As to non-military consulting, in Autumn 1946 he was appointed chairman of 
the NRC Committee on High-Speed Computing, and in 1948 he drew up reports for 
the National Bureau of Standards concerning the building of computers for various 


111) Farewell Radio and Television Address to the American People by President Dwight D. Eisenhower. 
January 17, 1961. http://www.eisenhower.archives.gov/speeches/farewell 
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government agencies. Some of his efforts were also directed towards organization of 
the new field of computer science and technology. Thus the scientific journal Mathe¬ 
matical Tables and Other Aids to Computation - later renamed Mathematics of Com¬ 
putation - was reorganized so as to take into account the developments of electronic 
computers. Nevertheless, the idea of setting up a special scientific society was aban¬ 
doned as von Neumann considered that the time was not ripe for it. 

William Aspray has made an exhaustive analysis of von Neumann’s fundamen¬ 
tal contribution to the birth of computer science and information technology, with 
his theoretical contribution, his institutional activity and also the development of the 
IAS Electronic Computing Project (ECS). The ECS was essentially conceived of by 
von Neumann as providing support for scientific research through numerical analysis. 
Still, in the final years of his life, his theoretical computer science research merged 
with the logic research of his youth, and led him to rough out his last famous scientific 
contribution - the theory of automata. We shall examine these aspects in Chapter 5. 
What we should like to look at in this section is his contribution to the rise of the 
“systems approach” and the culture of control during the second half of the twentieth 
century. 

Indeed, from a broader cultural view, the development of the computer in the 
postwar years, side by side with other technological achievements in the field of au¬ 
tomatic control engineering, aeronautics, and so on, converged towards the creation 
of large-scale technical systems and networks. First linked to national security, these 
large-scale projects extended to the aerospace sector and civil sectors (from trans¬ 
portation networks, to urban planning, public administration, or industrial production 
and distribution systems) and cemented the alliance among science, technology and 
industry of the second half of the century. Von Neumann played an important role 
also in this evolution, as has been shown by recent studies on the emergence of the 
systems approach in the United States. 112 His contribution was the result of his col¬ 
laboration with the Air Force, the military body which formed the basis of a new 
network of relations between scientists, engineers and the military world. 

In the years of the Cold War, the nightmare scenarios opened up by the nuclear 
arms race loomed over the destiny of the entire planet. However, implementation of 
large technical systems perhaps left an even stronger mark on the cultural atmosphere 
of the time. In the eyes of his contemporaries, they represented a true “triumph of 
technology” and thus contributed to dissipating the fears aroused by the atomic bomb 
and the fears it projected over scientific and technological development. It lay at the 
basis of the uninterrupted confidence shown by public opinion in the advance of tech¬ 
nology and above all in the possibility of maintaining control over this development. 


112) On the topics treated in this section, see Hughes 1998, who, without losing sight of the political- 
cultural context of the Cold War, presents a historical analysis of these developments as linked to 
the evolution of the concepts of system, network, and control in the history of technology (see, for 
example, Hughes 1983) and affords a deeper understanding of von Neumann’s role. Less convincing 
on the topic is Edwards 1996, who subordinates the scientific-technological thought of the postwar 
period to the influence of a command and control view borrowed from the military context. 
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These systems were characterized by continuity with the technological progress 
of preceding decades towards the creation of networks and integrated technical sys¬ 
tems in the civil and industrial fields (communications, transport, energy production 
and distribution). However, as shown by Agatha and Thomas Hughes, in the period 
1939-1960 an innovative vision of systems, the systems approach, emerged in mili¬ 
tary circles, which exploited the new technologies of automation, information, com¬ 
munication and mathematical programming: 

Practitioners and proponents embrace a holistic vision. They focus on the 
interconnections among subsystems and components, taking special note 
of the interfaces among various parts. What is significant is that system 
builders include heterogeneous components, such as mechanical, electri¬ 
cal, and organizational parts, in a single system. Organizational parts 
might be managerial structures, such as military command, or political 
entities, such as government bureau. Organizational components not only 
interact with technical ones but often reflect their characteristics. For in¬ 
stance, a management organization for presiding over the development 
of an intercontinen tal missile system might be divided into divisions that 
mirror the parts of the missile being designed. (Hughes, Hughes (eds.) 

2000 , 2 ). 

This philosophy was adopted by the US Air Force which, in 1947, had become a sep¬ 
arate service from the Army, and which lay at the centre of the development of newly 
conceived large-scale defense systems. The dominant interest of the AF for offensive 
aircraft, and consequently also of the aeronautic industry, was now accompanied by 
a fresh interest in developments in electronics technology. The so-called Air Defense 
Electronic Environments provided the immaterial fabric of information and control 
which became essential in problems of modern defense with the development of “in¬ 
telligent” vehicles and weapons. AF initiatives and funding had considerable spin-off 
in terms of the expansion of US corporations active in the aeronautics sector (Boe¬ 
ing, Douglas Aircraft) and in the development of companies operating in electronics. 
However, the cultural influence of these initiatives and funding went far beyond the 
well-tested model of alliance between government and private industry linked to US 
government military contracts. 

The experience acquired during World War II had increased awareness of the 
growing technological component of modern warfare among several military heads 
and, after the war, the AF consequently mobilized some of the greatest scientists of 
the time and many of the best engineers (academics, but also active in industry). Of 
crucial significance in this development was the researcher panel set up by General 
Henry Arnold under the chairmanship of von Karman at the end of the war, which 
resulted in establishment of the influential AF Scientific Advisory Board. Many other 
researchers (mathematicians, physicists, engineers, but also economists and students 
of the human and social sciences) worked for a research centre in California, in Santa 
Monica, which had the aim of exploring from all points of view non-terrestrial inter- 
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continental warfare. With the name of RAND (Research and Development) Corpora¬ 
tion, it was set up in 1946 at Arnold’s initiative as a division of the Douglas Aircraft 
corporation and in 1948 it was transformed into a non-profit company financially 
supported by the AF. 

Von Neumann was contacted by the director of mathematical research at 
RAND, John Williams, in late 1947 and, from 1948 until 1955, he enjoyed a consul¬ 
tancy contract with this institution that carried out civilian research for military pur¬ 
poses. 113 He was a reference figure during the crucial years in which the RAND cul¬ 
tural project was developing and certainly made a contribution to allowing its many 
complementary facets to emerge. Above all he had regular contact with the engineers 
and physicists working on technical devices (in the missile, aircraft, electronics and 
nuclear physics departments) and which accounted for an important part of the ac¬ 
tivity, thus lining up with other agencies and laboratories. Let us recall what Rees 
said: von Neumann played a key role in the circulation of scientific-technical infor¬ 
mation during years in which the flourishing of activities and initiatives encountered 
considerable rivalries and difficulties in coordinating the research, both that carried 
out in civil institutions, with the support of the various services, and that in military 
laboratories, which furthermore reflected the different military projects and outlooks 
of the Navy, Army and Air Force. 

However, RAND’s original contribution, which distinguishes it from other post¬ 
war laboratories and think tanks, lies in the other sections that flanked the one con¬ 
cerned with hardware and aimed at an analysis of warfare in all its modern forms and 
on the basis of a range of different disciplinary approaches. Right from its founda¬ 
tion the RAND corporation included a group dedicated to so-called “military worth”, 
from which the three departments of economics, social sciences and mathematics 
originated. “Military worth” was taken to mean the type of investigation and mathe¬ 
matical assessment of weapons and military objectives and operations that had grad¬ 
ually emerged during the war within the framework of various contracts and activities 
coordinated by Weaver’s AMR The cultural model was the one set up by British sci¬ 
entists in the “operational research” groups: it was thus an outcome of the emergency 
facing the UK right from the first signs of the danger represented by the policies of 
the Nazi regime in Germany and above all during the dramatic period of the Battle 
of Britain. It consisted of a proposed development of a new technical or “applied” 
knowledge regarding the operational problems of technological-industrial warfare, 
starting from anti-aircraft defense, protection of military convoys, production and lo¬ 
gistics programming and strategic bombing. In the United States, and at RAND in 
particular, this proposal was taken up and concretely implemented through the con¬ 
tribution not only of mathematical and economic approaches but also approaches that 
were characteristic of the non-formalized human sciences. 

From the mathematical standpoint, the theoretical architrave supporting this re¬ 
search was precisely von Neumann’s theory of games. The latter was now transferred 
from the general problem of functioning of the market economy or the analysis of 

113) See Leonard 2004 and Hounshell 1997. 
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rational behaviour in board games to that of national defense and national strategy 
and, more generally and in more abstract terms, to any “complex” activity, that is, 
in which many components exhibit a web of interrelations that are very difficult to 
reduce to a simple description - in particular man and the artificial creatures he is 
trying to govern. Indeed, as we saw earlier, game theory provided a possible “ratio¬ 
nal way” of analyzing such problems and thus a support to those decisions that had 
previously been entrusted essentially to the leaders, and in a time of war to the top- 
ranking military chiefs. In the RAND Corporation, game theory was systematically 
explored in the context of air force problems. It was applied directly to specific and 
well-defined situations such as those regarding dogfights between fighter aircraft and 
between fighters and bombers and, in this context, work was done also on its empiri¬ 
cal verification using the methods of experimental psychology. Furthermore, the lan¬ 
guage and the conceptual framework of game theory underpinned the more ambitious 
enterprise undertaken by RAND - the development of a “large-scale systems analy¬ 
sis” applied to questions such as strategic bombing; or else an “organization theory” 
potentially applicable to the problems of national security and beyond, a question that 
also Morgenstern worked on at RAND in 1951. Even though von Neumann had not 
continued to work specifically on game theory after his fundamental book in 1944 
- which will be described in Chapter 5 - except for a few sporadic articles, he ac¬ 
companied this very early phase of exploration at RAND of a new kind of scientific 
problems with lectures and discussions during his frequent visits to the headquarters, 
as well as with opinions delivered also by correspondence. 

The results of these efforts were, to tell the truth, rather disappointing and led 
to a profound debate on the very foundations of the theory. This was true, on the 
one hand, of the research undertaken by Merrill Flood and others after his arrival at 
RAND in mid-1949 concerning the effective value of game theory in the analysis of 
rationality and decision-making, both through a comparison between von Neumann- 
Morgenstern’s cooperative approach and John Nash’s non-cooperative approach, and 
through the attempts at experimental verification carried out in the Systems Research 
Laboratory directed by John L. Kennedy in 1951-52. Also the “systems analyses” 
were subjected to severe criticism by the military authorities and from inside RAND 
itself. Nevertheless, von Neumann’s game theory had perhaps a more lasting effect in 
the RAND environment in less ambitious forms, more closely linked to specific prac¬ 
tical problems, that is, by encouraging the view that mathematical optimization was 
a suitable way of seeking to develop techniques for the mathematical programming 
of interdependent activities (planning, resources allocation, logistics, transport and 
so on). Indeed, the postwar period saw an astonishing boom in these techniques (lin¬ 
ear programming, dynamic programming, network flow analysis). They became the 
heart of operations research, which thus became an actual discipline potentially ap¬ 
plicable far beyond military problems alone to all kinds of industrial and management 
problems in general. Many RAND researchers in the mathematics and economics de¬ 
partments contributed to this development, in collaboration with other university re¬ 
searchers, and in particular with the Cowles Commission for Research in Economics, 
a research institute affiliated with the University of Chicago. 
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The RAND Corporation processed the experience of the first two world wars, 
contributing to the consolidation of a new military thinking in the AF. This thinking 
was based, first, on the new computer, aeronautical, missile and atomic technologies; 
it was also depending on the geographic situation of the United States separated by the 
ocean from all conceivable enemies; and lastly, it was marked by a new “virtual” war 
view - or, in any case, a concept of war as “viewed from above” - that represented an 
evolution of the AF concept in terms of strategic bombing. In the meantime, RAND 
researchers also worked on a theoretical view of large technical systems and of the 
interaction among the technological and organizational aspects in planning, develop¬ 
ment and operational phases. Von Neumann’s influence was felt on both these aspects, 
which will be further discussed in Chapter 5. However, in the early 1950s his visits to 
RAND slackened. In those years, his itinerary kept him distant from general scientific 
discussions, while it opened up to him bodies in which the executive decisions were 
made and the great projects were actually laid out. 

The lead was taken in these projects by an advanced technological structure de¬ 
signed to defend the national territory of the United States against air attack by long- 
range bombers, denoted as SAGE (Semiautomatic Ground Environment). 114 SAGE 
was a direct spin-off from the antiaircraft fire control systems developed in the United 
States during the war, on the one hand, and on the other from British operational re¬ 
search groups on ground defenses in the UK aimed at optimizing human and technical 
resources (aircraft, radar, telephones) spread over the territory, in operations centres, 
military airfields, and radar sites. Indeed, the problem was to create an integrated 
defense system based on radar, communications technology and servomechanisms, 
for this purpose developing new programmable electronic computers. In 1944, with 
the support of the US Navy, the Servomechanisms Laboratory was set up at MIT 
to develop a computer-analyser to be used as an air defense information processor. 
The laboratory, directed by Jay W. Forrester, developed Whirlwind, a digital com¬ 
puter specifically designed to handle real-time command and control problems in a 
wartime environment. This was a different kind of machine, compared with previ¬ 
ous computers, such as the one developed at the IAS by von Neumann and Julian H. 
Bigelow, designed for scientific calculation: in fact the solution of control problems 
potentially opened up a much wider scope. 

During the development of SAGE under the direction of the MIT Lincoln Lab¬ 
oratory - set up for this purpose in 1951 in Bedford, Massachusetts - the problems 
of “systems engineering” emerged for the first time. In the Lincoln Laboratory, work 
continued on the Whirlwind computer as well as in other sectors dedicated to radar 
and communications linked aspects. In 1953 the SAGE “system architecture” was 
defined: US territory was divided up into eight sectors, each of them under the con¬ 
trol of a “combat centre”, i.e., an operations centre that received (over the telephone 
lines) and processed (with the help of a Whirlwind type computer) information from 
32 subsectors. Each of the latter was presided over by an operations centre equipped 

114) Here we follow Hughes’ convincing analysis of the conceptual transition from SAGE to Atlas- 

ICBM (Hughes 1998). 
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with a computer and its own territory was dotted with radar sites at various levels, in¬ 
cluding some on platforms located in coastal waters which transmitted data via radio 
microwaves. The system was to be integrated with two others: a temporary system 
on which Bell Laboratories were working, based on the system inherited from the 
wartime period, and a more specific system, known as the Distant Early Warning 
System, which was entrusted to Western Electric. 

What in the eyes of the military commanders was an antiaircraft defense sys¬ 
tem was also, from the point of view of MIT engineers who had developed it, a 
real-time information processing and control system based on electronic technology. 
The cultural mobilization stirred up by the interests of the AF consequently had a 
strong influence on the development of twentieth century engineering, not only as far 
as progress made by individual technologies is concerned (aeronautics, communica¬ 
tions, computer science, and so on), but also because it brought engineers up against 
a new kind of problem: integration and coordination of highly complex technical 
projects. Companies were set up to provide specific consultancy regarding systems 
planning and management, both at the level of non-profit companies like RAND, and 
of private companies like the Ramo-Wooldrige Corporation, to be illustrated below. 
“Systems engineering” developed mainly among engineers working in the electronics 
and communications sector. 

Actually the SAGE planning was initially developed following the conventional 
engineering approach, that is, as a set of individual problems of planning and pro¬ 
ducing its components. When the point of transition from the Whirlwind computer 
phase to the design of prototypes aimed at industrial production was reached, the IBM 
company was involved and gained enormous benefits from this experience. Computer 
programming was entrusted first to RAND and then, based on the latter as model, the 
System Development Corporation was set up, which concerned itself also with train¬ 
ing of staff for the direction of operations centres. In the years that followed, how¬ 
ever, it became increasingly obvious that the necessary high quality of functioning 
required for the entire project, both during the planning and implementation phases 
and when it came into service, raised problems of such a complexity that it could 
not be left to common sense or decisions on a case by case basis. In addition to the 
aspects directly linked to information processing and those related to weapons con¬ 
trol, on which the Lincoln Laboratory focused, were those related to the design and 
construction of operations centres, radar installations, the telephone network, aircraft, 
ground-air missiles and other weapons systems; and each of these was the responsi¬ 
bility of a contractor from among industrial corporations (including Western Electric, 
Bendix Radio, the Bell Laboratories and Boeing), which in turn had its own subcon¬ 
tractors. 

The SAGE project, as Hughes has shown, made a huge contribution to the de¬ 
velopment of computer science (technology of the digital electronic computer and 
programming) and automation (replacement of man in the transmission and analysis 
of information and also of human action in the command of antiaircraft defense oper¬ 
ations); while awareness of the existence of a basic management and organizational 
problem gradually emerged. 115 From this point of view, SAGE was a pilot experiment 
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and, in part, a failure: after years of elaboration, when its first operating sector was 
inaugurated in 1958, the real threat had become intercontinental ballistic missiles. 

The first of the great American missile projects that marked the military and 
political equilibria of the central period of the Cold War was the Atlas intercontinen¬ 
tal ballistic missile (Atlas ICBM). Von Neumann’s role in the conception and design 
of the Atlas was fundamental. Together with Teller he enjoyed enormous prestige 
among the AF high command. Their reports to the AF Scientific Advisory Board led 
to a panel being set up in early 1953 under the direction of von Neumann to assess the 
effect of technological developments - which had allowed a considerable reduction 
in the weight of thermonuclear warheads - on the design and construction of aircraft, 
ballistic missiles and cruise missiles. The panel’s recommendations were favourable 
to the development of ballistic missiles and ultimately led to creation of the Strate¬ 
gic Missiles Evaluation Committee. The work of this committee, which assessed also 
information provided by the secret service on developments in Soviet missile technol¬ 
ogy and the various alternative technological solutions, enabled the AF to overcome 
a longstanding hostility to missiles and to give top priority to development of an in¬ 
tercontinental ballistic missile - the “Atlas project”. 

Mention has already been made of von Neumann’s role in the arms race. Here 
we would like to describe the strong cultural influence that, ever since its first re¬ 
port in February 1954, marked the Committee’s work. 116 It was above all the critical 
technical aspects of the project that were examined and an explicit defense was made 
of the advisability of carrying out a study of weapons system “adequately based on 
fundamental science”. 117 Even more innovative, if compared with the SAGE experi¬ 
ence, was the appeal to pay greater attention to the organization problem, that is, to 
the management aspects essential to a successful outcome of the project and the need 
to consider this organization problem as a technological problem in its own right. It 
was also discussed whether it was worth founding for this purpose a university in¬ 
stitution or the like, or else to form a public administration to perform this task: it 
was finally decided to turn to a private consultancy company. The choice fell on the 
Ramo-Wooldridge Corporation, set up by two members of the committee, the engi¬ 
neers Simon Ramo and Dean E. Wooldridge. Immediately after, in 1954, the commit¬ 
tee decided to change its name to ICBM Scientific Advisory Committee, appointed 
von Neumann as Chairman and entrusted to Ramo-Wooldridge all the management 
aspects linked to the project - from the actual meetings of the von Neumann Com¬ 
mittee to the global conception of the missile system project, from specifications of 
contracts with various subcontracting corporations, to general coordination and as¬ 
sessment of the project’s progress. Von Neumann did his utmost to get the authorities 
to approve the project, acting in concert with Air Force General Bernard Schriever, 

115) This fact uncovered many dysfunctions that, as Hughes wrote, partly account for its relative lack 
of success. Only in 1958 was the management and organization problem regarding SAGE finally 
addressed with the creation of a new corporation, again non- profit, the MITRE Corporation, to 
which many researchers who had worked in Forrester’s group were transferred. 

116) See the analysis by Hughes (1998, 82 ff) of the report. 

117) Quoted in ibid., 89. 
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the programme administrator, together with the famous aviator Charles Lindbergh, a 
member of his Committee, and with Trevor Gardner, AF assistant for research and 
development. Von Neumann also worked as consultant to Ramo-Wooldridge and the 
problems of trajectory, component miniaturization, and the problems of heat resis¬ 
tance were studied under his supervision (Aspray 1990, 249-50). 

The observations and recommendations of the von Neumann committee had a 
strong impact on developments in engineering. In fact, in this way the role of coordi¬ 
nation and management, which had often been reserved to aeronautics corporations 
as holders of the principal contract on behalf of the AF, was transferred to companies 
operating in the electronics sector: 

By recommending that Ramo-Wooldridge act as a system engineer, the 
committee was displacing engineers familiar with traditional aeronauti¬ 
cal engineering practice with scientists and engineers grounded in the 
sciences and especially experienced in electronics and computers. To the 
committee, the airframe was merely a platform to cany complex, elec¬ 
tronic guidance and fire control systems. (Hughes 1998, 98) 

A new theoretical approach to management problems was put forward, which in¬ 
cluded two fundamental elements. On the one hand, the starting point was a global 
approach to system design, engineering and management marked by the technological 
conception of “control”. On the other, the emphasis was placed, for each individual 
problem, on identification of the underlying logical and mathematical structures, and 
so a method of addressing the concrete material reality was chosen which involved 
the use of an abstract theoretical screen. The distance between this epistemological 
model and that of previous engineering was emphasized in those years by speaking of 
a transition from the classical engineering of “machines” to “systems engineering”. 
The engineer’s “organization technologies” were a basic aspect of the “culture of 
control” which spread through the United States and industrialized societies during 
the Cold War years. Specifically, two important aspects of it contributed to shap¬ 
ing the new organization technologies: on the one hand, mathematical programming 
techniques and, on the other, techniques stemming from the transfer of engineering 
control models to management problems, such as in the case of inventory control. 118 

Of course, this transformation was the result of numerous individual and collec¬ 
tive contributions, including those produced by the RAND Corporation, as well as of 
the actual evolution of technologies, in the United States and abroad. However, there 
is no doubt that the Atlas ICBM Scientific Advisory Committee, by laying out one 
of the largest military projects of the Cold War, played a significant role in this pro¬ 
cess. In this connection, it is sufficient to examine its composition, in the two phases 
described above, which may be deemed representative also of the technical-scientific 
elite of the West coast of the United States, in opposition to the MIT group involved in 

118) See Klein J. 1999, 2001a, Hughes, Hughes (eds.) 2000. Mindell 2002, Lucertini, Millan Gasca, 
Nicolo 2004 and Levin 1999. Further bibliography including engineering sources can be found in 
Millan Gasca 2006. 
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the SAGE project, which instead represented the powerful northeast cultural area of 
the country. In addition to von Neumann and a group of physicists and engineers from 
the California Institute of Technology - generally viewed as the leading institution in 
supporting a scientific approach to the problems of technology - members included 
the RAND Chairman, Frank Collbohm, the MIT professor and engineer Jerome Wies- 
ner (future MIT chancellor and President Kennedy’s science adviser), and several en¬ 
gineers from private corporations, such as Ramo and Wooldridge themselves and also 
Heindrik W. Bode, from Bell Laboratories, the author of a modem communications 
engineering classic. Network analysis and feedback amplifier design (1945). 

The starting point of the SAGE project was still a weak attempt to explore the 
abstract conception of system. But it had immediately addressed the development and 
design of “real” system components, while the system as a whole was still intuitively 
conceived of on the basis of images inherited from the use of radar during World War 
II. The starting point for the ICBM project was instead a strong demand for a scientific 
theoretical approach set out by researchers such as Bode and von Neumann, who had 
developed the viewing of material processes - respectively in communications and in 
the electronic computer - through flow diagrams and feedback circuits of information 
carrying pulses and signals. The committee’s approach received the full support of the 
military head of the Atlas ICBM project, Bernard Schriever. 119 The first test firing of 
an Atlas missile was in 1958 - a 2500 mile launch - and the project culminated in 
1962 in construction of an even more advanced missile, the Titan, which had also 
been proposed in 1955 by the von Neumann Committee. 

The knowledge accumulated in the field of military projects, at RAND as well 
as in the development of SAGE and the various ICBM phases, was transferred - de¬ 
spite the constraints of military secrecy - to both government projects of a not strictly 
military nature (such as NASA’s aerospace research, or the public administration) and 
to large scale projects of civil engineering and the industrial world. For example, in 
1952 Merrill Flood moved to Columbia, where he directed the Institute for Research 
in Management and Industrial Production; Charles Hitch, director of the RAND Eco¬ 
nomics Department, was one of the principal advisors of Robert MacNamara’s rev¬ 
olution in which new techniques for rationalizing decision-making and cost control 
were introduced; in 1969 Simon Ramo published Cure for chaos: fresh solutions to 
social problems through the systems approach. These are but a few examples of indi¬ 
vidual itineraries that formed part of a complex and ramified cultural process. From 
the height of his scientific authority, von Neumann accompanied the first few steps 
of this process which, starting in World War II, rightfully thrust the United States 
academic world, and in particular, its scientific and technological sectors, into the 
network of relations between industry and the government of the country. 

This network actually already existed beforehand, as has been effectively shown 
by research carried out on the links between military contracts and the development 

119) On the relations between the von Neumann committee and Schriever and implementation of the 

project in the Western Development Division of the Air Research and Development Command, see 

Hughes 2000. 93 ss. and the references therein. 
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of industrial production organization in the United States. The novelty, without doubt 
due to wartime conditions and the Cold War, was actually to have involved scientists 
and engineers, as happened in France in the aftermath of the French Revolution, also 
under conditions of emergency for national security. However, the French experience 
came to naught with the end of the revolutionary phase and the Napoleonic empire, 
while the new US military-industrial-university complex was rapidly consolidated 
and, in the second half of the twentieth century, became a model of development 
for industrialized countries. Both the process of engineering the Revolution (Alder 
1999), and that of engineering the Cold War had stimulating and beneficial conse¬ 
quences for scientific and technological creativity (the “generation of knowledge”, 
to use the words of David Hounshell). However, in both experiences the lurking dan¬ 
gers of a new form of authoritarianism based on a scientific-technical oligarchy raised 
their heads. The words of Eisenhower quoted earlier represent an early signal of the 
fact that awareness was growing in the country of the risks faced by this kind of 
social model - risks for human life, for the planet and for democracy. Still, in the 
last decades of the century, this critical attitude often turned into a unilateral view 
of this experience and of the main figures - of course including also von Neumann. 
The reduction of the many facets of this process to a single formula (e.g., “closed 
world”) in no way facilitates the quest for in-depth understanding, as Hughes has 
lucidly pointed out: 

A historian attempting to persuade a post-Vietnam war generation that 
the military-industrial-university complex has presided over a highly cre¬ 
ative period since World War II faces a difficult challenge. A generation 
influenced by counterculture values of the I960.? has difficulty in seeing 
the military-industrial-university complex as other than politicized, bu¬ 
reaucratic, and indiscriminate in the use of public funds, and destructive 
of the physical environment. Proponents of the free-enterprise system also 
have difficulty in appreciating the role of government in promoting tech¬ 
nological change. Many Americans simply cannot conceive of the military 
as deeply shaping their culture and their values. 

If, however, the historian focuses on the period from 1950 to 1970, when 
military-funded projects dominated the innovative technological and man¬ 
agerial scene, a different picture emerges. Unquestionably, the system 
builders took little heed of the degradation of the physical environment 
at the sites where their systems evolved, but they energetically and effec¬ 
tively countered the bureaucratic tendencies common to large projects and 
organizations; they held at bay political forces that would subvert techni¬ 
cal rationality. Motivated by the conviction that they were responding to 
a national emergency, they single-mindedly and rationally dedicated the 
enormous funds at their disposal to providing national defense. Oppor¬ 
tunistic use of military funds to sustain regional economic development 
and corporate welfare came later . 120 
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In this direction a more balanced interpretation of the figure of von Neumann can be 
made. More in general, historical analysis could provide useful indications for the 
future of the model of economic and cultural development of advanced industrial so¬ 
cieties. This is even more true since the problems of defense and international security 
do not seem to have cleared the field, even after the end of the Soviet system, and es¬ 
pecially after September 11, 2001; since the idea that global economy and finance is 
under control has been radically challenged by the collapse of financial markets; and 
since the acceleration of technological and scientific development continues to pose 
unheard of challenges on the moral and political plane. 


4.8 Von Neumann’s final years: 

a very engaged expert and the time stealthily 
borrowed for the scientist’s projects 

Von Neumann’s feverish activity in the postwar years did not stop short at collab¬ 
oration with the Los Alamos Laboratory and RAND and his position as an expert 
on government committees. Many private companies in the USA endeavoured to get 
him to work for them, such as Ramo-Wooldridge, IBM and the Standard Oil Devel¬ 
opment Company. IBM offered him a contract for the first time in May 1945, and he 
was authorized to accept it both by the IAS director and by the government agencies. 
However, in the end, he decided to pass it up and concentrate on the project of con¬ 
structing a calculator at Princeton. In 1947 he signed a contract with Standard Oil for 
consultancy on oil prospecting, production and refining: he was paid 6,000 dollars 
for a maximum of thirty days work per year. In the course of this collaboration, he 
carried out important studies in fluid dynamics applied to oil prospecting. In partic¬ 
ular, his main ideas concerning the analysis of the stability of numerical solutions of 
partial derivative equations, which he failed to publish, are contained in one of his 
reports to Standard Oil in July 1948. 121 Later, in 1951, he began collaborating with 
IBM, on a contract that demanded the same time commitment as the preceding one 
but guaranteed him 12,000 dollars a year plus expenses. IBM was interested in ob¬ 
taining his advice on a wide range of problems, from improvement of the efficiency 
of its plants using linear programming methods, to development of information tech- 


120) Hughes 1998. 10. Several US historians have claimed that science and technology underwent radical 
conditioning exerted by the military context on the organization, guiding ideas and even research 
contents and lines (see for example Edwards 1996, Leslie 1993). There is a more or less explicit 
evaluation of a distortion and thus of a negative impact by the military-industrial-academic complex 
on science, which is the counterpart of the thesis (the “crowding out” of civil R&D) that it also had 
a negative impact on US industrial development. In Europe the postwar choice was to resolutely 
abandon research and development in the military field despite the spread of state intervention and 
regulation of economic activities. Therefore this debate has not been developed. 

121) Neumann (von) 1948, unpublished report printed in JNCW, vol. V, 664-712. See the analysis of 
this paper in Aspray 1990, 105 ff. 
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nology systems having reliable low cost memory storage, and even planning of new 
products. 

Even with his many commitments as public and private consultant, he found 
the time to develop new scientific projects, often linked to the new interests that arose 
during the wartime period. After ending his collaboration with the Moore School - 
and with the final controversy that this entailed, as previously described - he threw 
himself into another project, which has already been mentioned, the construction of 
the ECP calculator at IAS. On this occasion, he looked after the whole project: theo¬ 
retical and engineering aspects, planning, the organization of the group of scientists 
and engineers, fund raising, and other administrative aspects. Convinced as he was 
of the enormous potential of the use of computers in scientific research and of the 
changes this would bring about, his main objective was to build a machine suitable 
for scientific activity. The ECP was used for design and application of numerical 
analysis methods developed by von Neumann and his group which were tested in ap¬ 
plied problems such as those related to the numerical solution of partial differential 
equations in turbulence theory and meteorology. 

This interest in applied mechanics, numerical analysis, optimization theory, 
mathematical statistics and other topics, several of which involved radically innova¬ 
tive mathematical techniques, was not of course peculiar to von Neumann alone. The 
various research programs developed during the war produced a spectacular boom of 
applied mathematics in the United States. In 1929 Veblen had opposed the creation 
of a specialized journal because he did not believe that applied mathematics existed 
as such. However, this situation changed rapidly and applied research - which has 
historically always been linked to the theoretical aspects of mathematical research - 
gradually took on a well defined profile of its own, which partly conflicted with the 
strongly abstract nature of postwar “pure mathematical research”, particularly under 
the effect of the spread of the Bourbaki movement. 

The AMS undertook to coordinate the interest in applied mathematics: although 
the proposal to create a specific section for applied mathematics did not eventuate, an 
ad hoc Committee - of which von Neumann was a member, together with Richard 
Courant, a renowned mathematical physicist who had previously been his professor 
at Gottingen and had founded after the war the Institute of Mathematical Sciences 
at New York University. In 1947 the Committee organized a workshop at Brown 
University on non-linear problems in continuum mechanics, the first of an AMS series 
of specific symposia on applied mathematics. Later, in 1952, the SIAM (Society for 
Industrial and Applied Mathematics) was founded. 

The Symposia in Applied Mathematics series was the first example of the grow¬ 
ing diversification of activities of the AMS, which appropriately represented the im¬ 
portance of the US mathematical community, which now dominated the world scene. 
In this sense, it was symbolic that the first International Congress of Mathematicians 
held after the interruption due to the war should be held in 1950 at Harvard Uni¬ 
versity and be chaired by Veblen, while von Neumann was a member of the finance 
committee. At the same time, a committee formed by members of the AMS and other 
associations (the MAA, the Institute of Mathematical Statistics and the Association 
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for Symbolic Logic) set about refounding the International Mathematics Union. Only 
Soviet mathematics succeeded in rivalling US mathematics in importance and quality, 
although it followed very different lines of approach and methods. The internation¬ 
alist ideal was now a fundamental component of scientific practice, although it was 
seriously hindered by the Cold War and scientific contacts among mathematicians 
in the two countries were very difficult. The institutional initiatives regulating these 
contacts - including the activity of translating Russian publications, funded by the 
ONR and organized by the AMS starting in late 1947 - did not prevent scientific 
relations from being awkward and contacts infrequent. This accounts for the scarce 
dissemination of Soviet research on probability theory and on mathematical physics 
- in particular, the development of qualitative analysis of ordinary differential equa¬ 
tions by the school of Andrej N. Kolmogorov - or the delay in disseminating the 
formulation of linear programming in the work carried out by Leonid V. Kantorovic 
starting in the late 1930s. 

Von Neumann played a role of fundamental importance in the boom in new 
applied mathematics research topics in the 1940s and 1950s: his forays into a wide 
range of fields were always a source of inspiration to advanced researchers. Many of 
these topics, born out of wartime necessity, were linked to engineering issues, but also 
to problems related to the social sciences and biology. Nevertheless the central theme 
of his interests in this period was the development of a theory of automata considered 
as a development of logic and to be closely linked to the theory of calculators, which 
could also provide heuristic models in genetics. In 1948, he presented to the Hixon 
Symposium on “Cerebral Mechanisms in Behavior”, a work on the general theory 
and logic of automata. He later continued to lecture on these topics although most of 
his work was not published. Although his many public and institutional commitments 
prevented him from concentrating on his scientific activity, everything seems to sug¬ 
gest that he had in mind to organize a future for himself entirely dedicated to research. 
His lecture delivered to the International Congress of Mathematicians held in Ams¬ 
terdam in September 1954, a few months before his appointment as a member of the 
AEC, is an indication of his tireless interest in the more obscure logico-philosophical 
aspects of mathematics: indeed he concerned himself with several aspects of the the¬ 
ory of operators linked to problems raised in quantum theory and in particular with 
the axiomatic formalization and relations between logic and quantum probability. 122 
For the time being, his work as a member of the AEC demanded a fulltime commit¬ 
ment and entailed renouncing all his public and private consultancy commissions and 
activities, except for the von Neumann Committee on strategic missiles. He had now 
reached a peak in a phase of his life and everything seems to indicate that, as early as 
1955, he was already planning his future well beyond his term of office at the AEC, 
which was of four years duration. 123 

122) Redei 1999. The same year, as Redei points out, Dieudonne proposed the name of “von Neumann 
algebras” for algebraic structures still called “ring of operators”. 

123) See Aspray’s reconstruction (1990, 251) and von Neumann's letter to James R. Killian, president 
of the Massachusetts Institute of Technology, of February 24, 1956 (printed in Redei (ed.) 2005, 
165-166). 
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Would it have really been possible for a person so deeply involved in advisory 
and institutional activities to return to research in an academic environment? In any 
case, the IAS no longer represented for him an ideal work centre: it was an insti¬ 
tute with a vocation for abstract scientific research which had barely tolerated, amid 
strong resistance, the development within it of a project for computing and numerical 
analysis: the ECP had now been completed and at the end of this phase the group 
formed by von Neumann was about to be disbanded. Before this, Wiener had already 
suggested he transfer to MIT, an environment that was better suited to von Neumann’s 
new interests. However, this prospect clashed with the extremely attractive possibility 
of moving to the West coast, where he had many scientific contacts, and joining the 
University of California, in Los Angeles. 

In early 1955, von Neumann received a very flattering invitation from the Yale 
University: he had been nominated to deliver the traditional “Silliman Lectures” for 
the Spring term of 1956. As usual, in this busy period, he was forced to prepare his 
lectures in his spare time and, in view of his recent appointment to the AEC, it was 
necessary to ask Yale to reduce the lecture cycle to the duration of one week. As soon 
as he had agreed upon this with Yale, von Neumann accepted the invitation and it 
is not surprising that he should decide to profit by the lecture cycle to illustrate his 
recent studies on automata theory. But his plans were cruelly and brutally dashed, as 
his wife Klara recalls in her foreword to the published lectures: 

On March 15, 1955, Johnny was sworn in as a member of the Atomic 
Energy Commission, and early in May we moved our household to Wash¬ 
ington, Three months later, in August, the pattern of our active and ex¬ 
citing life, centred around my husband’s indefatigable and astounding 
mind, came to an abrupt stop; Johnny had developed severe pains in his 
left shoulder, and after surgery, bone cancer was diagnosed. The ensuing 
months were of alternating hope and despair; sometimes we were confi¬ 
dent that the lesion in the shoulder was a single manifestation of the dread 
disease, not to recur for a long time, but then indefinable aches and pains 
that he suffered from at times dashed our hopes for the future. Through¬ 
out this period Johnny worked feverishly - during the day in his office or 
making the many trips required by the job; at night on scientific papers, 
things which he had postponed until he would be through with his term at 
the Commission. He now started to work systematically on the manuscript 
for the Silliman Lectures; most of what is written in the following pages 
was produced in those days of uncertainty and waiting. (Neumann (von) 

1958, viii-ix) 

Although aware of being seriously ill, he dedicated himself to the utmost to his AEC 
work. Indeed during the Spring and Summer of 1955 he had acted as acting chairman 
to replace Strauss, who had many other institutional duties. One of von Neumann’s 
main objectives was for the AEC to contribute to the development of information sci¬ 
ence and technology: realizing that the time in which computers could be constructed 
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by individual scientific groups was now over, his idea was to fund private enterprises 
that were willing to enter this sector by offering study and research grants. However, 
his efforts in this direction were stymied by the worsening of his illness. By the end 
of 1955 the situation had deteriorated considerably: he was found to have several 
spinal cord lesions and began to have difficulty walking; by January 1956 he was 
in a wheelchair. Nevertheless, the hope remained that the treatment followed could at 
least slow down the progress of the disease. In March 1956 he signed an agreement to 
join the University of California when his term of office of member of the AEC came 
to an end. His job at the University was to consist of advising and collaborating with 
all the departments in the various campuses and in particular the departments of earth 
sciences, economics, management science, and engineering; the University’s part of 
the bargain was to provide him with the best possible conditions for developing his 
research, particularly in the field of applications to geophysics and meteorology. 

But his cancer was advancing inexorably and in April he was admitted to the 
Walter Reed Army hospital. Von Neumann continued to go to meetings in an ambu¬ 
lance and kept in touch by telephone with the AEC offices, assisted by his collabo¬ 
rator Paul Fine. In those months took place the dramatic events in his home country, 
Hungary, which, with the Soviet invasion, violently shattered the hope of any liberal¬ 
ization of the political regime. In recognition of his services to the United States, von 
Neumann was personally awarded the AEC Fermi Prize by President Eisenhower. 
The award was created at the proposal of Strauss and he was the first to receive it. In 
the same year, the President awarded him the Medal of Freedom. These were the last 
honours to be awarded to an extraordinary man. John von Neumann died in Washing¬ 
ton on 8 February 1957 and was buried in Princeton. 
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Beyond Mathematics: 
von Neumann’s Scientific 
Activity in the 1940s and 1950s 

5.1 From rational economy to the axiomatization 
of economic behaviour 

A typical feature of twentieth century culture was the development of the social sci¬ 
ences. Towards the end of the nineteenth century, the study of social life, including 
the study of economic relations, was considered as essentially part of the so-called 
“moral and political sciences”. This label emphasized the distinctly historical nature 
of these disciplines, which distinguished them from the natural sciences: nature is 
governed by laws, unlike history. In the twentieth century another idea spread, which 
had already taken shape in the preceding century in several research trends, but had 
been strongly opposed, namely, that the study of associated life phenomena must be 
embodied in a human and social sciences system: thus, economics, political science, 
sociology, psychology, anthropology would take their place side by side with the nat¬ 
ural sciences in view of a gradual unification of concepts and methods. This led to 
the birth of a new category of scholars, the “social scientists”, who, towards the mid¬ 
dle of the century, were now present in relatively large numbers side by side with 
scientists and men and women of letters. 124 They felt called upon to offer their schol¬ 
arship in practical contexts such as the management of national economies, activities 
analysis, the conduct of social groups, and the support of individuals in organizations 
(industries, schools, military units). In other words, the aim was to develop “soft” 

124) See the considerations added in the 1963 edition of Charles P. Snow’s well-known essay The two 
cultures (1959), in which he enthusiastically greeted the new presence that allowed the area of 
influence of the scientific method to be extended (Snow 1963). 
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technologies in the sphere of human and social problems that were based on solid 
rational knowledge, like the “hard” technologies that largely exploited the knowledge 
acquired in the natural sciences. 

In the preceding chapter the participation of mathematicians, physicists and en¬ 
gineers in the US war effort during World War II was mentioned. During the war, 
many experts in the social and human sciences, anthropologists, sociologists and lin¬ 
guists, were part of interdisciplinary research groups organized by the government 
and the military authorities: for example, technical studies addressing the design of 
aircraft or the launching of bombs were accompanied by analyses referring to the be¬ 
haviour and reactions of a pilot in the presence of enemy aircraft. The war work acted 
as a strong stimulus to the development of these branches and to their ultimate au¬ 
tonomous inclusion in the academic syllabus (in which only economics had hitherto 
enjoyed a consolidated position). Indeed, the social scientists collaborated in the war 
effort on a par with specialists in the “true” or “exact” sciences: there seemed to be 
no further doubts about the right of the social and behavioural sciences to enter the 
exclusive paradise of the natural sciences. 

As we have seen, this epistemological equalization between natural and social 
sciences was based on the adoption by the latter of a methodology similar to that of 
the former, and even of basic concepts borrowed from them that were definitely extra¬ 
neous to the classical historical and philosophical approach. The new social scientists 
- and the economists in particular - now had as their objective the pursuit of scientific 
objectivity, of stating general laws about society or human behaviour, and of demon¬ 
strating their predictive capacity. And it was inevitable that these laws would have to 
take on a mathematical form. The interest of some mathematicians and physicists in 
these attempts played an important role, especially in the consolidation of the new 
image of the social sciences and the confidence of those following the new approach. 
Von Neumann’s foray into this field had particularly significant repercussions. 

It must be made clear that, although this process was speeded up by scientific 
developments related to the war, it also had deep and historically remote roots. Ever 
since the late eighteenth century, there had been a gradually emerging effort to extend 
to all fields of knowledge the scientific method that had led to such breakthroughs in 
astronomy, mechanics and mathematical physics. One of the fundamental trends was 
to “mathematize” a wide range of different disciplines, in imitation of the mechanics 
model in particular, the laws of which had been formulated in the language of dif¬ 
ferential equations. This project developed throughout the nineteenth century but ran 
into strong opposition stemming from the dominance of romantic conceptions calling 
for the need to maintain a clear-cut distinction between the sphere of phenomena of 
inanimate nature, dominated by objective laws that can be expressed in mathemati¬ 
cal language, and the phenomena of life and man, in which subjectivity and freedom 
prevail. Attempts to mathematize biological, social and economic processes encoun¬ 
tered widespread and often bitter opposition by the champions of moral and political 
sciences as well as among natural scientists themselves. 125 

125) See Israel 2004b and, for economics, Ingrao, Israel 1990. 
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Nevertheless, the idea of constructing a mathematical economics had a number 
of distinguished followers, including above all Leon Walras, who formulated a the¬ 
ory of economic equilibrium that was to become the cornerstone of a “rational and 
experimental” social science based on the model of mathematical physics. The very 
name of the theory suggests an analogy with the mechanical concept of equilibrium. 
Walras described an ideal market situation in which competition among economic 
agents leads to a state of compatibility of their different actions: this state consists 
of equilibrium between demand and supply. Walras’ aim was to establish in quanti¬ 
tative mathematical terms the existence and the properties of economic equilibrium, 
including the uniqueness of equilibrium and its stability as defined in a dual accep¬ 
tance: “local”, in the sense that the system whose equilibrium has been perturbed 
tends to return to the state of equilibrium; and dynamic or “global”, in the sense that 
the market has the virtue of returning the economic system to equilibrium starting 
from any initial state. To achieve this, he formulated a theory of “value” or of the 
price of goods as a function of the “marginal utility”, that is, of the scarcity of the 
goods themselves. This theory was intended to ground political economy on a sci¬ 
entific basis having the same dignity and rigor as that of the physico-mathematical 
sciences: thus, owing to the nature of its objective, economics would have deserved 
the label of “psycho-mathematical” science. 126 

This project of an economics written in the language of the theory of functions 
and infinitesimal analysis aroused harsh criticism from the majority of economists, 
who were attached to the historical research method and rejected any claim to trans¬ 
late human “freedom” into numbers. For their part, mathematicians not only dis¬ 
played a similar scepticism but also criticized the paucity of mathematical results 
obtained so far. Indeed decades of research had led to the formulation of a system of 
non-linear equations, the solution of which was supposed to determine the equilib¬ 
rium: however, the only argument put forward up to then by Walras and his school 
to prove the existence of such a solution was the manifestly fallacious one that the 
number of equations equalled the number of unknowns. Neither had the research of 
Vilfredo Pareto, who succeeded Walras in his chair at Lausanne, although carried 
out with greater mathematical competence, led to any substantial analytical progress. 
In actual fact, by the end of the first decade of the twentieth century, the theory of 
economic equilibrium was in serious crisis. The paths to be followed in the analogy 
with mechanics were by no means clear. Furthermore, this was happening at a time in 
which the reductionist and mechanistic approach was in crisis also in physics. Pareto, 
who had pursued the Walrasian program radically accentuating the mechanistic ap¬ 
proach, had ultimately to surrender in the face of insurmountable mathematical diffi¬ 
culties, as well as of the failure of the attempt to put the theory on a solid empirical 
footing, an attempt that had induced him to enter the field of sociology. 127 

126) See Walras 1909. Walras’ program, stated in its entirety starting in the 1870s, was based on the 
preceding research of Antoine Augustin Cournot (Cournot 1838). the origins of which dated to the 
beginning of the century; see Ingrao, Israel 1990. 

127) Pareto attempted to make an almost scholastic analogy between economics and mechanics: homo 
ceconomicus vs. material point, "ophelimity” vs. potential, etc. Lastly, he very lucidly acknowl- 
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Despite these difficulties, the theory of general economic equilibrium gradually 
caught on in the economists’ environment as a way of conceptualizing the compet¬ 
itive market. Some of them, without claiming to provide a detailed account of the 
mathematical aspects, had emphasized its merits as a theory that could be used to 
provide a unitary and global interpretation of the economic processes occurring in 
the market, and its potential as a heuristic model. This approach aroused both consent 
and constructive interest. The discussion of the comparative advantages and disadvan¬ 
tages, respectively, of a market economy and of a planned economy, stimulated by the 
establishment of a socialist regime in Russia, reawakened attention to the theory. It 
was above all in the Anglo-Saxon environment that it gained a much stronger footing 
than it had achieved in Continental Europe. On the other hand, the related mathe¬ 
matical problems represented a true challenge for the flourishing Central European 
mathematical school: the prospect thus gradually emerged of tackling these problems 
according to an axiomatic approach and abandoning the mechanistic approach that 
had marked the contribution from the Lausanne school. 

It is not at all strange that the Vienna mathematicians were the first to take an 
interest in these topics. Vienna was the most open and interdisciplinary of the intellec¬ 
tual centres in the period between the two wars. It was precisely in the environment of 
the Vienna Circle that the ancient desire to unify science and scientific language had 
re-emerged and that an explicit formulation was given to a program for the refound¬ 
ing of psychology and the social sciences according to the principles of behaviourism 
or of methodological materialism. Indeed the construction of unified science would 
have to include «sociology as well as chemistry, biology as well as mechanics, psy¬ 
chology - more properly termed “behavioristics” - as well as optics» 128 in a unified 
language. The two attributes of the “scientific conception of the world” outlined in the 
Vienna Circle manifesto were an empiricist and positive knowledge based on imme¬ 
diate data and application of the logical analysis method. 129 Only logical empiricism, 
once the old metaphysical concepts and the “rough” transfer by analogy of the prin¬ 
cipal features of the natural sciences to the social sciences have been put aside, would 
allow the “backwardness” of the latter to be overcome. In the mid-1930s a concrete 
proposal was therefore made - to publish an Encyclopaedia of unified science. Otto 
Neurath explained the meaning of this project during the international conference on 
scientific philosophy held at Paris in 1935: 


edged the difficulties involved. In his Manual of political economy (Pareto 1906) he explains that 
the hypothesis of quantifying the ophelimity and the circumstances of the production of goods is 
"absurd” - whereas in physics the claim to determine the quantities involved in the equations of 
motion is not - and leads to such large analytical difficulties that "the only way of resolving this 
system of equations would be to observe the practical solution provided by the market”. In this 
way, “it would no longer be mathematics that can come to the aid of political economy but political 
economy that will come to the aid of mathematics". 

128) Neurath 1932-33, quotation from the English translation, p. 207. 

129) The manifesto Wissenschaftliche Weltaujfassung. Der Wiener Kreis was published by the Verein 
Ernst Mach in 1929 (Hahn, Neurath, Carnap 1929). See also Carnap’s and Neurath’s papers on the 
journal Erkentniss in years 1930-33, available in English in Ayer (ed.) 1959. 
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The aim was not so much to split hairs over disciplines that were already 
quite mature, but rather to concern oneself with branches that have so fat- 
been somewhat overlooked, such as psychology, biology and sociology. 

One of the important tasks of this Encyclopedia is to show to what ex¬ 
tent these disciplines can share with physics a single common language, 
and how the laws of the different sciences nevertheless display distinctive 
peculiarities. (Neurath 1936, 59) 

When describing the early stages of von Neumann’s life, we mentioned his contacts 
with the Vienna environment and in particular with Karl Menger’s mathematical Kol- 
loquium. Menger closely followed the discussions of the Vienna Circle, although he 
was very critical of the mathematical conceptions and language that predominated 
in it. In particular, his position on intuitionism and on the issue of the foundations 
of mathematics was very close to that of Hilbert and his school, including von Neu¬ 
mann. Son of the well-known economist Carl Menger, he also maintained frequent 
close contacts with the economists’ environment: at his instigation, the mathematical 
problems involved in the theory of economic equilibrium became an important issue 
in the Kolloquium in the 1930s. 130 

In 1931 Menger extended an invitation to participate in the discussion to Karl 
Schlesinger, a Hungarian banker and economist, who had settled in Vienna after the 
Bela Kun revolution. Schlesinger had followed a marginalist approach in his work 
on monetary theory and his reflections led to a new formulation of Walras’ equations 
being considered. Menger put him in touch with the young mathematician Abraham 
Wald, who was born in the Romanian city of Cluj - which had been part of Hun¬ 
gary ever since the end of World War I - and who was just finishing his university 
studies at Vienna. Wald first gave Schlesinger some lessons in mathematics, collabo¬ 
rating with him on the problem of how to solve equilibrium equations. In the 1933-34 
volume of the Kolloquium proceedings, the series Ergebnisse eines Mathematischen 
Kolloquiums (which Menger edited after emigrating to the United States under the 
title “Reports of a mathematical colloquium”), Schlesinger presented his system of 
equations and announced that Wald had demonstrated the existence and uniqueness 
of the solution of this system; in the following pages Wald set out the first proof of 
existence in the history of the theory of economic equilibrium. Subsequent discus¬ 
sion led Wald to perfect his results: his line of research was based on the use of the 
axiomatic method, that is, on the introduction of suitable conditions defined in math¬ 
ematical terms by means of equations and inequalities, although it essentially made 
use of classical infinitesimal techniques. 131 Moreover, the conditions in which Wald 
demonstrated his results were rather restrictive and distant from full generality. 

130) In this reconstruction of von Neumann’s interest in economics and social science in the 1930s, we 
follow Ingrao, Israel 1990, 177 ff.; Weintraub 1983; Leonard 1995. 1998. 

131) An unsuccessful attempt to demonstrate the theorem of the existence of equilibrium had been made 
by the Italian mathematician Gaetano Scorza in 1903 (Scorza 1903). His attempt shows that math¬ 
ematics at that time still lacked a fundamental tool: the fixed point theorems, the principal of which 
- Brouwer’s theorem - was proved only in 1910. Wald’s works were all published between 1934 
and 1936. See Ingrao, Israel 1990 (including a complete bibliography); a detailed reconstruction of 
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One of the most attentive readers of Wald’s work was von Neumann. Mention 
has already been made of von Neumann’s interest in economics, and of the cultural, 
social and also family roots of this interest, and we have also mentioned Kaldor’s 
and other people’s evidence according to which von Neumann was familiar with the 
main principles of Walras’ theory and held a critical attitude towards it. In Chapter 2 
we recalled how his 1928 article on game theory drew an analogy between the latter 
theory and Walras’ microeconomics: it could actually be said that in that work homo 
ludens was equated with homo oeconomicus. However, to tell the truth, this is the 
only non-controversial phrase uttered by von Neumann concerning Walras’ approach 
that we are aware of. In the rest of his work and in all the known evidence regarding 
his ideas on the matter, every mention of the theory of general economic equilibrium 
has a negative connotation. 

For the purpose of reconstructing the development of his reflection on economic 
theory, evidence may be drawn from Harold Kuhn and Albert Tucker, according to 
which, in 1932, he presented to the IAS of Princeton the economic model of linear 
growth already referred to in Chapter 2 (Kuhn, Tucker 1958). This result was never 
published and was left lying in a drawer. Just over one year later, it was the knowledge 
of Wald’s results that drew von Neumann’s attention again to this model. As Menger 
wrote: 

Wald’s paper on the equations concerning production greatly interested 
von Neumann, as he told me when passing through Vienna soon after its 
publication. It reminded him of equations he had formulated and solved 
in 1932 and now offered to present to our Colloquium. (Menger 1973, 55) 

Von Neumann’s work, entitled “On a system of economic equations and a general¬ 
ization of Brouwer’s fixed point theorem” was published in 1937 in the Kolloquium 
proceedings , 132 In this paper the axiomatic approach previously adopted by Wald 
was taken to its extreme consequences, leaving aside any concern over the economic 
interpretation of the model. He eliminated all distinction between factors and prod¬ 
ucts, and reduced an economy to a formal mechanism for the transformation of goods 
by means of given processes; he then introduced a series of conditions expressed by 
means of linear equations and inequalities whereby he was able to demonstrate the 
existence of a price equilibrium vector. The technique used in the demonstration was 
extremely original, as the problem was reduced to a minimax problem and the so¬ 
lution obtained by means of a generalization of Brouwer’s fixed point theorem via 
a mathematical procedure similar to that used to demonstrate the results of his 1928 
article on strategic games. 

Further evidence regarding von Neumann’s ideas on the mathematization of 
economics is offered by a letter sent by him to Flexner, the director of the IAS, from 
Budapest, in May 1934. Flexner had sent him Georges and Edouard Guillaume’s 

the events leading up to the demonstration of the fundamental theorem for the Walrasian theory (the 
theorem of the existence of equilibrium) may be found in Weintraub 1983. 

132) Neumann (von) 1937; republished in English as Neumann (von) 1945b. 
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book L’Economique mtionnelle (1932). 133 Von Neumann replied with a detailed and 
pitiless criticism of the mathematical treatment given by the French authors. This 
criticism is worth mentioning as it shows how his point of view was still intermediate 
with respect to the one that, as will be seen, he was later to adopt: 

I think that the basic intention of the authors, to analyze the economic 
world, by constructing an analogical fictitious model, which is sufficiently 
simplified, so as to allow an absolutely mathematical treatment, is - al¬ 
though not new - sound, and in the spirit of exact sciences. 1 do not think 
however, that the authors have a sufficient amount of mathematical rou¬ 
tine and technique, to carry this program out. I have the impression that 
the subject is not yet ripe (I mean that it is not yet fully enough understood, 
which of its features are the essential ones) to be reduced to a small num¬ 
ber of fundamental postulates - like geometry or mechanics. The analo¬ 
gies with thermodynamics are probably misleading. The authors think, 
that the “amortization ” is the analogon to “entropy”. It seems to me, that 
if this analogy can be worked out at all, the analogon of “entropy ” must 
be sought in the direction of “liquidity”. To be more specific: if the “anal¬ 
ogon ” of energy is the “value ” of the estate of an economical subject, then 
analogon of its thermodynamical “free energy” should be its “cash avail¬ 
able”. The technique of the authors to set up and deal with equations is 
rather primitive, the way f. i. in which they discuss the fundamental equa¬ 
tions [...] is incomplete, as they omit to prove that 1: the resulting prices 
are all positive (or zero); that there is only one such solution. A correct 
treatment of this particular question, however, exists in the literature . 134 

Here there is no outright rejection of the attempt to construct concepts similar to those 
of physics, although its primitive character is criticized above all from the mathemat¬ 
ical standpoint. Von Neumann was later to claim that a worthwhile foundation of 
mathematical economics should be based on the rejection of mechanical and phys¬ 
ical reductionism and on the creation of a new kind of mathematics better suited to 
the specific nature of socio-economic phenomena. The evolution of his views on this 
issue took place in the years that followed. But in the meantime, the Kolloquium ac¬ 
tivity was brutally interrupted by the events in Europe: Menger migrated to the United 
States in 1937; Schlesinger committed suicide on the day of the entry of nazi troops in 
Vienna, in March 1938; Wald, after many vicissitudes, managed to flee to the United 
States, where he no longer concerned himself with these topics and dedicated himself 
to the application of statistics to economics and management. 


133) Guillaume. Guillaume 1932. Several years later the same authors published a revised version of the 
work: Guillaume, Guillaume 1937. 

134) Neumann (von) to Flexner, May 25, 1934, IAS Archives, Faculty Files, John von Neumann, Folder 
1933-35. 
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5.2 The theory of games: 

a new mathematics for the social sciences 

As fate would have it, the spirit of the Vienna environment was reborn at Prince¬ 
ton thanks to the meeting of von Neumann and Oskar Morgenstern, who had also 
participated in Menger’s Kolloquium and was close to the conceptions of logical em¬ 
piricism. Morgenstern, a distinguished economist of the Austrian school, editor of 
the journal Zeitschrift fitr Nationalokonomie and director of the Institut fur Konjunk- 
turforschung, had been removed from all his posts as a politically suspect person: 
in 1938, he left Vienna and joined Princeton University. He held extremely critical 
opinions on the state of economic theory: at Vienna he had gradually distanced him¬ 
self from the economists’ environment and developed a keen interest in Menger’s 
ideas. At Princeton he preferred the company of the great physicists and mathemati¬ 
cians to that of his colleagues in the department of economics. Very soon his main 
interlocutor became von Neumann: the upshot was the beginning of a series of in¬ 
tense discussions on their favourite philosophical and scientific topics, and a strong 
friendship developed. Von Neumann illustrated to Morgenstern many aspects of his 
preceding studies such as quantum mechanics, the debate on the crisis of the foun¬ 
dations of mathematics, and Hilbertian axiomatics. He recommended to him various 
textbooks on mathematics and Morgenstern applied himself to these studies, although 
with some difficulty. 

Gradually their discussions began to focus on topics of economics and game 
theory. Morgenstern explained to von Neumann his criticism of the theory of general 
economic equilibrium and, in particular, of one of its basic tenets, that of an economic 
agent capable of perfect prediction. In the last works he published in Vienna, he had 
insisted on the need to adopt an axiomatic approach to arrive at a rigorous and exact 
treatment of economic phenomena: the essential condition for economic theory to 
progress was the renunciation of classical analogies with physics and the use of logic, 
the common basis of all sciences. Morgenstern and von Neumann were in perfect 
agreement on this point of view. Moreover, Morgenstern essentially viewed the new 
techniques introduced by von Neumann in his analysis of games and of production as 
a new mathematics that was particularly well suited to the social sciences. 

The conceptual system Morgenstern had in mind for the purpose of implement¬ 
ing his projects was the one proposed by Menger in his book Moral, Wille und Welt- 
gestaltung. Grundlegung zur Logik der Sitten, published in 1934. 135 Menger had be¬ 
come involved in ethics after reading Wittgenstein and followed a radically different 
approach from the conventional one of moral philosophy. His aim was not to re¬ 
spond to the ultimate questions concerning the concept of ethics or of good since - 
he claimed - no universal ethical systems exist that can regulate relations among in¬ 
dividuals. It was rather a question of making a logical analysis of the consequences 
of adopting various systems of ethical rules and of the decisions to which they lead. 
Menger analyzed a number of examples of association or division within a group of 

135) Menger 1934; Morgenstern 1936. 
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human beings caused by the adoption of different regulatory systems - using criteria 
that could be called ethical, but also aesthetic, political or economic - by means of 
logical-combinatorial considerations that had nothing to do with the so-called “higher 
mathematics”, that is, with classical infinitesimal calculus. The approach of the op¬ 
timization of strategies introduced by von Neumann via the use of minimax tech¬ 
niques, both in his analysis of market equilibrium and in the study of game strategy, 
suggested a kind of social analysis very similar to Menger’s. Morgenstern considered 
that the analysis of the subjects’ behaviour under the influence of the effects of social 
interdependence would remedy the flaws in economic theory. 

Von Neumann and Morgenstern began to prepare a work in collaboration on 
these bases. Von Neumann had developed his studies on the analysis of game strategy; 
he continued to give lectures on the subject but had not published new research. The 
initial idea behind the collaboration was for Morgenstern to write an introduction 
to the economic interpretation of von Neumann’s studies on the theory of games. In 
Autumn 1941 there was so much accumulated material that the two decided to publish 
a book, the final version of which was ready in January 1943. The book. Theory 
of games and economic behavior, published in 1944 ( 2 nd ed. 1947, 3 rd ed. 1953), 
started out from a radical criticism of the Walrasian theory of economic equilibrium, 
especially for gaps in the description of the influence exerted on the decisions and 
behaviour of each individual by reciprocal interactions with other individuals; these 
interactions and influences should instead be considered as guiding the individual’s 
actions in his attempts to obtain maximum advantage. Von Neumann, in particular, 
always vigorously insisted on the idea that the type of optimization stemming from 
the game theory approach was much more complex and rich than the optimization of 
classical mathematical analysis: the latter took in account only general parameters, 
while, in game theory, the agent makes his choices on the basis of behaviour of the 
other agents. 

The intense work of the two distinguished immigrants had led to a treatment of 
an impressive scope. From the outset, it proposed a new theory of utility, reformulated 
all the basic results of game theory, with special reference to the minimax theorem for 
mixed strategies, and contained numerous applications, including a bluff theory for 
poker. The interpretation of the mixed theories in regulatory terms (compared with the 
other frequentist and psychological approaches that we have described in Chapter 2) 
was again proposed very clearly: 

[...] one important consideration for a player in such a game is to protect 
himself against having his intentions found out by his opponent. Play¬ 
ing several different strategies at random [...] is a very effective way to 
achieve a degree of such a protection. By this device the opponent can¬ 
not possibly find out what the player’s strategy is going to be, since the 
player does not know it himself. [...] Ignorance is obviously a very good 
safeguard against disclosing information directly or indirectly. (Neumann 
(von), Morgenstern 1944, 146) 
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The book did not deal with the problem of a game with n players and thus there 
was no generalization to this case of the minimax theorem, until Nash did so several 
years later. The cases with more than two players were mostly reduced to the two 
players case by taking into consideration the coalition agreements that reduced the 
number of adversaries. It is important to note that this choice did not represent an ad 
hoc stratagem but corresponded to a general view reached by both authors, namely 
that the cooperative approach - in which the players joined forces in groups in order 
to achieve common goals - was much more significant than the non- cooperative 
approach in which each player acts quite independently, that is, in a way that quite 
closely resembles the view inherent in the theory of general economic equilibrium. 

The reasons underlying this preference for the cooperative approach were fully 
clarified by Morgenstern in an article he wrote some thirty years later: 

Interdependence has, of course, been recognized, but even where neo¬ 
classical economics of the Walras-Pareto type tried to describe this in¬ 
terdependence, the attempt failed because there was no rigorous method 
to account for interaction which is evident especially when the number 
of agents is small, as in oligopoly (few sellers ). Instead large numbers of 
participants were introduced (under the misnomer of “free competition ”) 
such that asymptotically none had any perceptible influence on any other 
participant and consequently not on the outcome, each merely facing fixed 
conditions. Thus the individual's alleged task was only to maximize his 
profit or utility rather than to account for the activities of the “others ”. 
Instead of solving the empirically given economic problem, it was dis¬ 
puted away; but reality does not disappear. In international politics there 
are clearly never more than a few states, in parliaments a few parties, in 
military operations a few armies, divisions, ships, etc. So effective deci¬ 
sion units tend to remain small. (Morgenstern 1973, 266-67) 

There is considerable evidence that von Neumann developed an increasingly sceptical 
attitude to the non-cooperative approach, above all after the demonstration of Nash’s 
theorem in 1951 solving the general case of n players. In evidence provided by Nash 
himself to Sylvia Nasar, von Neumann greeted Nash’s result very coldly, deeming 
it a simple fixed point mathematical theorem. There is further evidence from Mar¬ 
tin J. Shubik, mentioned by Philip Mirowski, to the effect that, on a train journey in 
1952 from New York to Princeton, Shubik met von Neumann and told him that he 
considered Nash’s non-cooperative equilibrium solution with great favour (and as be¬ 
ing suitable for economic applications): von Neumann answered that he did not like 
Nash’s solution and felt that a cooperative theory made more social sense. Moreover, 
Nash himself, in an interview with Robert Leonard, admitted that a cultural differ¬ 
ence existed between himself and von Neumann and Morgenstern, in that the latter 
were probably inspired by a more “European” type of social model, while he was 
influenced by an outlook typical of “American” individualism. 136 

136) Nasar 1998; Mirowski 1992; Leonard 1995. 
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In any case there is no doubt that, only a few years after the publication of The- 
ory of games and economic behaviour, Nash’s works in the 1950s established the 
premises for a split in the directions taken by game theory. Von Neumann became in¬ 
creasingly favourable to the cooperative approach. Indeed his thinking on this subject 
even took on holistic overtones which revealed his growing sensitivity to the topic of 
complexity. In a letter he wrote to Kuhn in April 1953 he even went so far as to say: 
«I think that nothing smaller than a complete social system will give a reasonable 
“empirical” picture*. 137 Many years after von Neumann’s death, in the already cited 
article, Morgenstem illustrated this point of view as follows: 

Clearly a comprehensive theory of decision-making would encompass vir¬ 
tually all of the voluntary human activity and as such would be an absurd 
undertaking, given the infinity of human situations. A more reasonable 
approach is to develop a science, or sciences, dealing with the principles, 
so as to govern decision-making in well-defined settings. In what follows 
the structure of that theory will be laid bare as far as this is possible with¬ 
out going into the use of the underlying mathematics. Game theory rep¬ 
resents a rigorous, mathematical approach towards providing concepts 
and methods for making reasonable decisions in a great variety of hu¬ 
man situations. [...] More generally [...] no complete formalization of 
society is possible: if a formalization is made, it is either incomplete or 
self-contradictory. [.. .] Every social theory must therefore be dynamic, 
proceeding from one formalism to another: (Morgenstern 1973, 274) 

However, in the meantime, research in the field of game theory had mainly adopted 
the non-cooperative approach indicated by Nash’s results. This did not happen imme¬ 
diately, although by the end of the 1970s it had become a consolidated approach. In 
one sense, this development implied a rapprochement between game theory and the 
theory of general economic equilibrium, which - with the work of Kenneth J. Arrow 
and Gerard Debreu (Arrow, Debreu 1954) - made use of the results of von Neumann 
and Nash in a strictly technical sense (as a mathematical tool) and then discarded 
their formulation in terms of game theory (Debreu 1959). 

The assessment of the fruitfulness of this approach is an open question. 138 What 
is clear, from the historical point of view, is that the path followed by the theory was 
not the one recommended by von Neumann. The characterization given by Robert J. 
Aumann on Nash’s equilibrium as a perfect representation of the idea of economic 
equilibrium and the rationality of economic agents 139 was precisely the one that von 

137) Neumann (von) to Kuhn, April 14, 1953, Von Neumann Papers, Library of Congress, published in 
Redei (ed.) 2005, 170. 

138) Mirowski makes a very severe assessment of Nash’s approach, saying that it completely destroys 
the interactive idea underlying von Neumann’s game theory: it «demands the complete and total 
reconstruction of the thought processes of the Other - without communication, without interaction, 
without cooperation - so that one could internally reproduce (or simulate) the very intentionality of 
the opponent as a precondition for choosing the best response*. (Mirowski 2002, 343—44). 
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Neumann would have advanced in justifying the unacceptability of this concept. In¬ 
deed, for von Neumann, the originality of game theory consisted precisely in the 
clear-cut progress it offered compared with the classical procedures of optimization. 
In a recent article, the economist Paul Samuelson judged von Neumann’s and Mor- 
genstem’s work: 

John von Neumann and Oskar Morgenstern had complementary proper¬ 
ties that led to a fruitful cooperative product. [...] But, it can be said in a 
low-keyed way, there was something in their respective scientific person¬ 
alities that led to a resonance of minor faults - some tendency towards 
nihilism combined with Napoleonic claims. Schumpeter was pleasantly 
excited by von Neumann’s claim that economics would need new math¬ 
ematics different from the mathematics developed for physics after New¬ 
ton’s time [. ..] However, except for the philosophical complications in¬ 
troduced by games involving more than one person, I do not honestly per¬ 
ceive any basic newness in this so-called non-physics mathematics. When 
Clerk Maxwell and l - let the clause stand - describe melting poin ts of ice 
in thermodynamics, we benefit from the Debreu-von Neumann novelties 
and still operate in Isaac Newton’s style. (Samuelson 1989, 211) 

Von Neumann had actually responded in advance to this judgment in a sharp comment 
contained in a letter written to Morgenstern in 1947, in which he refused to review 
Samuelson’s Foundations of economic analysis on the grounds that it was based on a 
primitive mathematics: 

You know, Oskar, if those books are unearthed sometime a few hundred 
years hence, people will not believe they were written in our time. Rather 
they will think that they are about contemporary with Newton, so primitive 
is their mathematics. Economics is simply still a million miles away from 
the state in which an advanced science is such as physics. Samuelson has 
murky ideas about stability. He is no mathematician and one should not 
ascribe the analysis to him. And even in 30 years he won’t absorb game 
theory . 140 

This conflict clearly explains the paradox of the reception of Theory of games and 
economic behaviour. On the one hand, it raised very great interest and had an enor¬ 
mous influence on the paths taken by the mathematization of economics and of the 
social sciences. But as a matter of fact many economists - rather than displaying any 
true concern with the program proposed by von Neumann and Morgenstern - under¬ 
stood that, following this path, it was finally possible to successfully tackle some of 

139) «The Nash equilibrium is the embodiment of the idea that the economic agents are rational: that 
they simultaneously act to maximize their utility; Nash equilibrium embodies the most important 
and fundamental idea in economics» (Aumann 1985, 43—44). 

140) Neumann (von) to Morgenstern, October 8, 1947, quoted in Morgenstern 1976, 810. 
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their old and traditional problems, including those of the existence of general eco¬ 
nomic equilibrium. As we have said, this was achieved by Arrow and Debreu in the 
1950s, but in particular on the basis of Nash’s results. In this way, the intention to 
refound economics ab ovo on the basis of the theory of games was voided and the 
Walrasian type microeconomic approach regained the upper hand. The comparatively 
secondary role taken on by the cooperative approach was evidence of this research 
trend. This explains why the theory of games was developed above all in the context 
of mathematical economics research and with more of a supporting than a founda¬ 
tional role, while it failed to make progress in the world of mathematics research. 
One group of mathematicians worked actively at Princeton on developing the theory 
of games under the leadership of Albert W. Tucker and following the program laid 
down by von Neumann. 141 However, also in this field, von Neumann’s involvement 
was drastically curtailed after publication of his fundamental book. For von Neu¬ 
mann, game theory, in so far as it was a mathematical theory, had to play a similar 
role for the economic and social sciences as that played by infinitesimal analysis in 
physics. Matters do not seem to have moved in this direction. 


5.3 Decisions, organization, operations research 

The cultural influence of von Neumann’s theory of games extended far beyond the 
context of the theory of economic equilibrium, and even beyond that of economic 
thought. We have seen that the starting point of the book written with Morgenstern 
was actually a severe criticism of the approach followed by the Walrasian economic 
theory. However, what von Neumann was interested in was not so much the concept 
of equilibrium as one of the conceptual nodes of game theory, that is, the process 
of decision making, and more generally, the analysis of rational behaviour in social 
processes or social phenomena. Thus, the theory of games represented an effective 
concrete proposal of the idea backed by the Vienna Circle, that the only objective 
worldview is that obtained using the scientific method. Logical-mathematic analysis 
and experimental studies were therefore considered the only acceptable basis for the 
construction of modem human sciences. Von Neumann’s and Morgenstern’s treat¬ 
ment could well have been included in the Encyclopaedia of Unified Science which 
had remained incomplete after publication of several issues dedicated to the general 
idea of science outlined by logical empiricism. And it actually played a fundamental 
role in dissemination of these ideas during the second half of the century. 

As Alain Finkielkraut (2005) has emphasized, these positions represented the 
outcome of an intellectual process asserting the mathematical and scientific method 
as the essence of knowledge and rationality itself, which represents one of the factors 
of modernity par excellence and became firmly established in the twentieth century. 

141) The young researchers in the group included Harold Kuhn and John Nash. A number of works 
were published in the journal "Annals of Mathematics”, and others collected in two volumes of the 
Princeton series Annals of Mathematical Studies: Kuhn. Tucker (eds.) 1950-1953. See also Luce, 
Raiffa 1957. 
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Moreover, a conception of this kind was not uncoupled from the development of other 
aspects of modernity, in particular from the development of industrial automation and 
technical networks; indeed the connection between the scientific conception of the 
world and the technical organization of the processes of modern production had been 
explicitly stated by Carnap, Hahn and Neurath in the Wiener Kreis 1929 manifesto. 

As though echoing these auspices, game theory in the central decades of the 
century became the conceptual reference framework for a series of theoretical devel¬ 
opments in sectors that were traditionally located outside the range of influence of 
mathematical methods: from military art to industrial organization, from politics to 
economic planning, to administration. Moreover, the philosophical positions of log¬ 
ical empiricism were compatible with a renewed confidence in the role of scientists 
and of the scientific worldview that led an innovative group of British and Ameri¬ 
can scientists to the formulation and construction of operations research , 142 Under 
this label, which made a vague reference to operations, that is, to action organized 
in a collective environment, there were clearly basic models of operations in mili¬ 
tary art and of large-scale technical activities; however, the final goal was much more 
ambitious, something like a true applied social science or a social technology, all of 
which remained to be constructed. In Chapter 4 we have considered how game theory 
was explored by RAND’s researchers. The practical outcomes were disappointing as 
regards both the study of aerial combat and of planning problems. However, other 
paths, often mathematically linked to game theory, were explored more successfully, 
such as linear programming, network flow analysis, and inventory control. All these 
mathematical techniques were developed for military purposes and later transferred 
to the solution of similar industrial and civil engineering problems. Von Neumann’s 
theory of games, supported by his personality and authority, played a decisive role in 
the emergence of these novelties, which were destined to enjoy greater success. 

The theory of games offered a reference framework by providing an abstract 
mathematical treatment - in which axiomatic language played an essential role - 
which could be applied in a wide range of sectors, depending on whether the players 
were interpreted as consumers, voters, negotiators, industrial suppliers or rival coun¬ 
tries. It revived a classical idea of applied mathematics, namely optimization or the 
idea of formulating objectives typical of technical design in terms of maximization or 
minimization of a function. And yet, it radically modified this approach by replacing 
the tools of classical mathematical analysis with new ones such as inequalities, fixed 
point theorems and the theory of probability. The mathematical tools selected were 
explicitly indicated in the very first lines of the book Theory of games and economic 
behaviour. «The character of the procedures will be mostly that of mathematical log¬ 
ics, set theory and functional analysis» (Neumann (von), Morgenstern 1944, 3 rd ed. 
1953, ix). The theory of games provided also a new standard language that comprised 

142) American scientists in the field of operations research were perhaps not really aware of the philo¬ 
sophical bases of such a scientistic position; in the United Kindom typical of many of the artificers 
of operational research (such as John D. Bernal, Patrick Blackett, and Robert Watson-Watt) was a 
kind of nineteen century scientism, that of Marxist philosophy (Hughes 1998, 146-149). This issue 
deserves further study. 
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concepts not derived from mechanics, such as those of decision-making, information, 
strategy and so on; and, lastly, it pointed to the dual individual-collective path in the 
analysis of human and social phenomena. 

This influence is quite apparent in several developments dating back to the im¬ 
mediate postwar period, which were characterized by a massive deployment of math¬ 
ematical tools that extended the range of mathematization far beyond the theory of 
economic equilibrium. These new mathematical operational tools provided an ac¬ 
tual mathematical content to the label “operations research”. The work carried out at 
the RAND Corporation, also in collaboration with the Cowles Commission for Eco¬ 
nomics Research at the University of Chicago with Air Force funding, has already 
been considered in Chapter 4. Other groups worked on contracts with the ONR, for 
instance at Princeton (the groups of Tucker and Morgenstern himself) and at Pitts¬ 
burg at the School of Industrial Administration established in 1949 at the Carnegie 
Institute of Technology. Some of the more significant contributions were: Abraham 
Wald’s theory of statistical decision; George B. Dantzig’s formulation of the problems 
of planning expressed in terms of linear programming; Tjalling Koopmans’ research 
on resources allocation problems; Kenneth J. Arrow’s social choice research; the re¬ 
search on organization theory by Merrill Flood and Morgenstern himself; and the 
inventory control studies by the groups of Morgenstern, of the Carnegie Institute (in¬ 
cluding Herbert A. Simon) and many others. 143 All these authors had direct scientific 
relations with von Neumann and their work was carried out in institutions where his 
influence was felt. Several of the latter had already worked on operational problems 
(for instance, Koopmans’ research on transportation or Simon’s work on administra¬ 
tive behaviour); and yet, at the end of the 1940s, they opted decisively for the path of 
mathematization. This new approach to problems regarding the organizational sphere 
is effectively illustrated in a note contained in the Proceedings of the Conference on 
Mathematical Programming organized by Koopmans at Chicago in June 1949 (pub¬ 
lished two years later under the title of Activity analysis of production and allocation)'. 

The cultural lag of economic thought in the application of mathematical 
methods is strikingly illustrated by the fact that linear graphs are mak¬ 
ing their entrance into transportation theory just about a century after 
they were first studied in relation to electrical networks, although orga¬ 
nized transportation systems are much older than the study of electricity. 
(Koopmans et al. (eds.) 1951, 258) 

The evolution of twentieth century organization science and technology reveals a 
cultural turning point which brought back into currency the idea of rationalizing on 
a mathematical basis the decision-making and organizational processes, in the eco¬ 
nomic, industrial, military, political and administrative fields (Millan Gasca 2003, 
2006). Von Neumann’s influence in it must be assessed more thoroughly, which 

143) Wald 1945. 1950; Dantzig 1951a, b; Koopmans et al. (eds.) 1951; Arrow 1951. On the work of 
Morgenstern and Flood on the theory of organization in the early 1950s at the RAND, see Leonard 
2004; on research on inventory control funded by the ONR see Klein 1999. 
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demands, in addition to an analysis of the dissemination of the book written to¬ 
gether with Morgenstem, the gathering of evidence regarding personal intellectual 
exchanges more than actual quotations or published work. One noteworthy and frank 
testimony was offered by Dantzig, which we quote below at length. It is particu¬ 
larly relevant as it refers to linear programming, what we could describe as a “soft 
technology” expressed in algebraic language. Linear programming underwent many 
extensions and was found to have direct mathematical structural links with game the¬ 
ory. Dantzig’s account of his discussion with von Neumann is all the more convincing 
in that it transmits the idea of how capable the latter was of assimilating the specific 
concerns of each interlocutor and of providing them with mathematical “substance”: 
the same as we saw in his collaboration with Morgenstern, the bearer of exquisitely 
economic interests. 

In the case of Dantzig, von Neumann was up against a researcher with a solid 
mathematics background, the bearer of operational interests that emerged during the 
war, the harbingers of a great new category of large-scale management problems, 
themselves the result of an acceleration of technological development and mass pro¬ 
duction. Dantzig had gained considerable experience in solving logistic problems in 
the Air Force during the war. After a short period devoted to completion of his studies 
at Berkeley, he had begun working at the Pentagon on the “mechanization of the plan¬ 
ning process”, which consisted in finding a way of accelerating the calculation of a 
“scheduled programme of deployment, training and logistical supply” (Dantzig 1991, 
20). The new opportunities offered by electronic computers made this work even 
more attractive, because it pointed to the possibility of effectively solving extremely 
complex problems on the basis of a precise mathematical formulation. He considered 
the problem of planning interdependent activities based on objectives stated in terms 
of ends rather than means, so as to eliminate subjective evaluations in organization 
decisions. Furthermore, he established the link between this problem and economic 
planning problems, as they had been formulated by the economist Vassily Leontief in 
his celebrated interindustrial input-output model of the US economy (dating to 1932). 
Towards the middle of 1947, Dantzig formulated the problem he had identified in 
mathematical theoretical terms, building an axiomatic framework for the abstract con¬ 
cepts of “activity” and “good”. He thus found himself having to deal with an abstract 
mathematical problem, namely the maximization of a linear form (the objective func¬ 
tion) subject to conditions expressed by means of linear equations and inequalities: 

I proposed the simplex method in the summer 1947. But it took nearly a 
year before my colleagues and I in the Pentagon realized just how power¬ 
ful the method really was. In the meantime, I decided to consult with the 
“great” Johnny von Neumann to see what he could suggest in the way of 
solution techniques. On October 3, 1947,1 met him for the first time at the 
Institute for Advanced Study at Princeton. 

John von Neumann made a strong impression on everyone. People came to 
him for help with their problems because of his great insight. In the initial 
stages of the development of a new field like linear programming, atomic 
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physics, computers, or whatever, his advice proved invaluable. After these 
fields were developed in greater depth, however, it became more difficult 
for him to make the same spectacular contributions. 1 guess everyone has 
a finite capacity, and Johnny was no exception. 

I remember trying to describe to von Neumann (as I would to an ordinary 
mortal) the Air Force problem. I began with the formulation of the linear 
programming model in terms of activities and items, etc. He did some¬ 
thing which I believe was uncharacteristic of him. “Get to the point,” 
he snapped at me impatiently. Having at times a somewhat low kindling 
point, l said to myself, “OK, if he wants a quickie, then that’s what he’ll 
get.” In under one minute I slapped on the blackboard a geometric and 
algebraic version of the problem. Von Neumann stood up and said: “Oh 
that! ” Then, for the next hour and a half, he proceeded to give me a lecture 
on the mathematical theory of linear programs. 

At one point, seeing me sitting there with my eyes popping and my mouth 
open (after I had searched the literature and found nothing), von Neu¬ 
mann said: 

“I don’t want you to think / am pulling all of this out of my sleeve on 
the spur of the moment like a magician. I have just recently completed a 
book with Oscar Morgenstern on the Theory of Games. What I am doing 
is conjecturing that the two problems are equivalent. The theory that I am 
outlining for your problem is an analogue to the one we have developed 
for games.” 

Thus I learned about Farkas’ Lemma and about Duality for the first time. 
(Dantzig 1991, 24) 

A theoretical work produced by the interaction with Dantzig, “Discussion of a maxi¬ 
mum problem”, written in 1947, remained unpublished and was later edited by Kuhn 
and Tucker and published in his Collected works (Neumann (von) 1947b). Indeed, «a 
new theorem or a new calculation method could often lie for years in his archives, 
or be communicated solely during conversations with colleagues», according to evi¬ 
dence from Kuhn and Tucker (1958, 118). They recount that, in order to get him to 
publish one of his works - which opened up a new area of application of linear pro¬ 
gramming and game theory to combinatorial problems - decided to use a stratagem: 
von Neumann was invited to hold a seminar, in October 1951, and one of the partic¬ 
ipants wrote the work for him from notes that, with the title of “A certain zero-sum 
two-person games equivalent to the optimal assignment problem”, was published in 
1953 in a collection of papers included in the Princeton series Annals of Mathematical 
Studies (Neumann (von) 1953b). Again in 1954 von Neumann published an article in 
this field, “A numerical method to determine optimum strategy”, in the Naval Re¬ 
search Logistics Quarterly which had just been founded by Morgenstern (Neumann 
(von) 1954b). 
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Von Neumann’s interest in organization and decision issues kept pace with his 
attention to engineering problems ranging from energy exploitation to missile and 
computers development. Indeed, it has been seen how his involvement in the ICBM 
project brought him into contact with a specific decision-making scenario: the AF 
Strategic Missiles Evaluation Committee, which he headed, vigorously defended the 
importance of a “rational”, scientific approach to the solution of organizational prob¬ 
lems. However, wartime needs and applications requirements had caused his attention 
to be turned mainly towards numerical analysis and computing. In one sense, this sub¬ 
ject represented a return to the origins, to the early problems of mathematical logic 
and of the foundations of mathematics, which he had abandoned after the wave of 
emotion produced by Godel’s results. 


5.4 Engineering and mathematics: 

the project of an electronic calculator 

World War II and the Cold War formed the backdrop to an unprecedented develop¬ 
ment of the radically new technologies that characterized the twentieth century, such 
as transport and communications technologies, automated systems control and au¬ 
tomated information processing. Von Neumann’s involvement with calculating ma¬ 
chines was rooted in the opportunities they offered for development of numerical 
mathematical methods to solve applied real-world problems such as those described 
by hydrodynamics or linear programming models. But he was also well aware of the 
theoretical, philosophical issue raised by the development of computers: these ma¬ 
chines seemed to realize the ancient dream of so many philosophers, engineers and 
poets that one day it would be possible to create artificial beings and reveal the mys¬ 
tery of the human mind. Digital computers catalyzed a return to this theme that was 
stimulated also by recent developments in mathematical logic and by progress made 
in neurophysiology and psychiatry. Several contributions in the 1940s-1950s opened 
the way to one of the most significant threads in the philosophical debate of the sec¬ 
ond half of the century and to the development of the so-called cognitive sciences - 
and here again von Neumann’s work was seminal. 

In order to fully understand von Neumann’s contribution to the development 
of the computer and information science, an often overlooked aspect must be borne 
in mind. His “initiation” to American electrical and electronic engineering - domi¬ 
nated in the early 1940s by the figure of Vannevar Bush and by the Bell Laboratories 
team - brought him into contact with a radically transformed technical thinking that 
had partly left the traditional empirical and concrete terrain and had set off deci¬ 
sively along the path of abstract mathematical formulation of problems. 144 Electric¬ 
ity supply, radio broadcasts, the telegraph, telephone, television: in the early twentieth 
century, in all these engineering contexts, in addition to the design of material techni¬ 
cal devices (transmitters, receivers, channels), there were “intangible” problems that 

144) See Millan Gasca 2005, 169 ff. 
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were formulated in mathematical terms, such as signal or information processing - 
described by means of transfer relationships between input and output - or network 
management (queues and so on). 

In 1925, an engineer working for the American Telegraph and Telephone Com¬ 
pany, John R. Carson, in a series of a lectures at the Moore School of Engineering, 
decidedly moved in this direction; the lectures were published one year later under 
the title Electric circuit theory and operational calculus. In 1929 Bush’s Operational 
circuit analysis was published. In the years that followed the ideas put forward in 
these works led to an in-depth analysis being made of the mechanisms of regulation, 
stabilization and processing of the electric signal by means of an explicit exploitation 
of feedback processes in input-output models: as Stuart Bennett points out, these au¬ 
thors were considering «mathematical descriptions of the input-output relationships 
which ignore the actual physical process connecting the input and output signals» 
(Bennett 2004, 104). The most mature products of the work of the Bell Laborato¬ 
ries were Hendrik W. Bode’s Network analysis and feedback amplifier design (1945) 
and the well-known The mathematical theory of communications (1949), written by 
Claude Shannon together with Warren Weaver. 

The use of mathematics in engineering science was of course widespread in 
early twentieth century technology. Engineers used geometry to represent space and 
many basic concepts derived from physics were expressed in mathematical language. 
However, in the brand new communications engineering, the mathematization of 
technological thought advanced by a quantum leap, because mathematics was given 
a direct conceptual role - with no mediation by physics - in the theoretical formula¬ 
tion of problems. The basic ideas, such as system, network, feedback, control, trans¬ 
fer function, and information were strictly technological concepts defined in abstract 
mathematical terms. This use of mathematics to understand technical devices, oper¬ 
ations, and processes weakened the intellectual role of physics in engineering and 
inevitably led to a move away from the classical approach in which mechanics had 
played a central role. One striking example is the case of one of the greatest radio 
engineers of the time, the Dutchman Balthazar van der Pol, whose work is an early 
manifestation of the emergence of the idea of mathematical model, as we have already 
seen in Chapter 3. These circumstances help us understand von Neumann’s interest in 
electronics and communication engineering in connection with his view of the role of 
mathematics in knowledge that was no longer mediated by physics. For him, indeed, 
the role of mathematics in the understanding of physical phenomena, if viewed in a 
historical perspective, was a first complete example of mathematization, and that of 
other areas of phenomena would gradually follow. On the other hand, his work in the 
field of social sciences and engineering helps to understand the paradox we have dealt 
with in Chapter 3: his acceptation of the modelling approach, in a mathematician and 
scientist essentially faithful to a classical deterministic worldview. 

It was Norbert Wiener, one of the most brilliant twentieth century scientists, 
who brought the new conceptions of communications engineering to the centre of 
a wide-ranging philosophical debate, which had profound repercussions in scientific 
and engineering environments in the central decades of the century and involved re- 
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searchers in a wide range of different sectors, including the biomedical and social 
sciences (Heims 1980, 1991). A mathematician by training, Wiener was a professor 
at MIT, one of the most advanced academic centres for technological research in the 
United States. Here he collaborated with Bush, thus gaining a knowledge of electri¬ 
cal engineering, and became interested in the development of computers. During the 
war, together with another engineer, Julian H. Bigelow, Wiener collaborated with the 
armed forces on the problem of anti-aircraft tire control, both in aerial combat and 
for defense against aerial bombing. The information available on the position and 
motion of an enemy aircraft (obtained by using another new technology - radar) was 
used to make a statistical prediction concerning its future trajectory and to improve 
the chances of hitting the target. The idea of feedback that emerged from the anal¬ 
ysis of telephone circuits as well as the control approach of the classical studies on 
governors (regulation devices, ships steering and so on) found a new field of applica¬ 
tion in this wartime problem of fire control: these studies formed the basis of modem 
control and automation engineering, which rests on a highly developed mathemati¬ 
cal basis (Bennett 1979-1993). The work of Wiener and Bigelow made a substantial 
contribution to the development of this branch of technological knowledge as a true 
form of mathematical engineering: their research led to a statistical theory of predic¬ 
tion based on incomplete information, which rested on previous studies by Wiener on 
Fourier analysis and ergodic theory (Wiener 1949). 

But in addition to the development of control engineering as a research field, 
the automation of typically human procedures and activities - such as numerical cal¬ 
culation, steering ships, and the aiming of artillery - raised the question of emulation 
and substitution of the human being with a machine, and developments in this direc¬ 
tion quickly arrived. Wiener and Bigelow’s studies led to a fruitful exchange of ideas 
with the Mexican physiologist Arturo Rosenblueth, a professor at Harvard University, 
concerning the possible analogy between human behaviour and that of machines. The 
control devices were based on the processing of information - obtained via radar in 
the case of anti-aircraft artillery fire - by means of a feedback loop that allowed 
performance to be modified and improved at each cycle. In a joint paper, entitled 
“Behavior, purpose and teleology”, they claimed that such a process was similar to 
those that take place in the human nervous system and that underlie all organized in¬ 
telligent behaviour. 145 Wiener was enthusiastic about the project contained in embryo 

145) Rosenblueth, Wiener, Bigelow, 1943. The influence of research on automation during the war (radar 
and servomechanisms) and of control engineering after the war on postwar scientific culture was 
extraordinary, as is shown for example by the case of the transfer of mathematical tools from gun¬ 
fire to inventory control (Klein 1999, 2001). Together with the even more evident cultural influence 
of the development of the computer, it led to the idea of a “cyborg” science in the postwar period 
which was closely linked to the world view of US military spheres during the Cold War; see for 
instance Edwards 1996, Pickering 1995, Mirowski 1999 and Galison 1994 (who is concerned with 
cybernetics). It is beyond our present scope to discuss this literature and it will merely be stated 
that the influence of military thinking is often over-estimated with respect to the role of progress in 
scientific thinking due to new ideas of technological (information, control, feedback), mathematical 
(optimization) or philosophical (system, decision) origin. For example, discussion on operations re¬ 
search in Mirowski 1999 neglects the mathematical content rapidly acquired by this discipline after 
the war, which makes it possible to link it to ideas on optimization dating back to the Enlightenment; 
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in this work and came into touch with specialists in different disciplines, including 
the anthropologist Gregory Bateson and the neuropsychiatrist Warren McCulloch. 

McCulloch was looking for a formal model of the neural networks in the hu¬ 
man nervous system. In 1943 he published an article written jointly with the young 
mathematician Walter Pitts, “A logical calculus of the ideas immanent in nervous ac¬ 
tivity”, in which neurons were represented as “boxes” linked together in “networks”, 
inside which impulses or signals governed by logico-mathematical laws were trans¬ 
mitted (McCulloch, Pitts 1943; see Heims 1991). The logical scheme of the article 
was a combination of Carnap’s logical calculus and several ideas taken from Russell 
and Whitehead’s Principia mathematica. The authors demonstrated that all behaviour 
that could be rigorously and unambiguously described using a finite number of words 
could be performed using one of their formal neural networks. McCulloch and Pitts’ 
model allowed the description of purposive behaviours to be linked to neuropsychi¬ 
atric and neurophysiological research. 

Wiener discussed his new ambitious intellectual project with von Neumann and 
brought him into touch with the new research environment that was being set up. 
McCulloch and Pitts’ article proved to be of great interest to von Neumann, who 
was growing familiar in those years with the design and engineering of automated 
computation machines and with electronics engineering. The basic principle under¬ 
lying these machines, including the ENIAC calculator, was the same as in the many 
machines that had succeeded each other over the centuries in the study of artificial 
calculation; technical progress had increased the speed of computation, but human 
intervention to regulate the process for each new operation was still indispensable. 
Von Neumann was convinced of the importance of the new technological devices, but 
considered that in order to build new, more powerful and efficient machines, it was 
necessary to develop a theoretical foundation for their structure. Between 1939 and 
1941 he had discussed a theoretical analogy between the functioning of the brain and 
automated calculating devices in an exchange of correspondence with the Hungarian 
physicist Rudolf Ortvay. McCulloch and Pitts’ work provided important support for 
the development of this analogy. 146 

He illustrated his ideas for the first time in the previously mentioned report on 
the EDVAC calculator, in which he described a projected fully automated high speed 
digital calculation system (Neumann (von) 1945a; see Aspray 1990). This consisted 
of a machine with a large storage memory and an internal command unit to develop 
the tasks assigned by means of recorded algorithms or codes (this was the term in use 
at the time for what we call today programs ): this radically innovative project was 
to open up the way to a modem concept of the electronic computer. Von Neumann 
considered that such a system or automaton was formally comparable with the human 

considering this broader context, the view of operations research as a cyborg science is obsolete. 
See Kay 2000 for a deep analysis of the conceptual turning point in the life sciences due to the 
transfer of technological concepts (such as the idea of information underlying the development of 
molecular biology and genetics). 

146) See Aspray 1990. 178. Letters are written in Hungarian; see the English translation in Redei 
(ed.) 2005. 
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nervous system, insofar as it was an information processing system, and since the role 
of its elements - vacuum tubes, i.e., electronic diodes used as the basic component 
of future calculators - was analogous to that of the ideal neurons in McCulloch-Pitts’ 
schema. 

In his report von Neumann described the five basic elements of the calculator: 
the central arithmetic unit, the memory unit (which stored both the numerical data 
and the numerically coded instructions), the central control unit (which controlled 
the appropriate sequencing of operations and coordinated the functioning of the other 
units in order to carry out the programmed task) and the input (data entry) and output 
(emission of results) units. He compared the central unit with associative neurons 
and the input and output units with the sensory and motor neurons, respectively; he 
also pointed out the difference between the synchronous regulation of the calculator 
system, which followed its internal clock, and the asynchronous nature of impulse 
transmission among neurons. 

He in no way neglected the research on technical components of the machine, 
which were the fruit of the “hardware” engineering design, but he deemed it important 
to separate this aspect from the logic configuration design. His proposal therefore 
represented a push towards a further degree of abstraction in electronic engineering. 
The EDVAC report illustrated indications emerging from von Neumann’s interaction 
with the engineers, and addressed an interlocutor with a technical background, but 
proposed an approach to the problem “forgetting about” the material components: 

The ideal procedure would be to treat the elements as what they are in¬ 
tended to be: the vacuum tubes. However, this would necessitate a de¬ 
tailed analysis of specific radio engineering questions at this early stage 
of discussion, when too many alternatives are still open, to be treated all 
exhaustively and in detail. Also, the numerous alternative possibilities for- 
arranging arithmetical procedures, logical control, etc., would superpose 
on the equally numerous possibilities for the choice of types and sizes of 
vacuum tubes and other circuit elements from the point of view of prac¬ 
tical performance, etc. All this would produce an involved and opaque 
situation in which the preliminary orientation which we are now attempt¬ 
ing would be hardly possible. 

In order to avoid this we will base our considerations on a hypotheti¬ 
cal element, which functions essentially like a vacuum tube - e.g., like a 
triode element with an appropriate associated RLC-circuit - but which 
can be discussed as an isolated entity, without going into detailed radio 
frequency electromagnetic considerations. We re-emphasized: This situa¬ 
tion is only temporary, only a transient standpoint, to make the present 
preliminary discussion possible. After the conclusions of the preliminary 
discussion the elements will have to be reconsidered in their true electro¬ 
magnetic nature . 147 


147) Neumann (von) 1945; in Aspray, Burks 1987. 29-30. 
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Neural networks, electronic systems or the action of genes thus represented examples 
of an abstract machine of the same type as the famous machine introduced by Alan 
Turing, whose ideas had influenced both McCulloch and Pitts and von Neumann. 
Von Neumann had met Turing in 1935, when the latter was still a young student 
at Cambridge; one year later he met him again at Princeton, where Turing was to 
complete his studies and his Ph.D. with Alonzo Church, one of the most distinguished 
mathematical logicians at that university. Mathematical logic continued to develop as 
an autonomous sector of mathematics, aimed mainly at solving the many problems 
raised by the crisis of the foundations. Turing was concerned in particular with the 
solution to the Entscheidungsproblem formulated by Hilbert, which had remained 
open after Godel’s results and that may be summed up as follows: does any procedure 
exist that allows the truth value (“true” or “false”) of any assertion whatever that is 
formally established in mathematical terms to be determined? This was actually a 
problem of theoretical computability expressed in constructivist logical terms, similar 
to the problem posed by the computability of a numerical solution within a reasonable 
number of steps inside an electronic computer. 

In the years 1945 and 1946 von Neumann did considerable work on the princi¬ 
ples and implications of modem high speed calculators in collaboration with Gold- 
stine, analyzing the available ideas and developing new ones with a view to future 
improvements. He gave lectures all over the place in order to disseminate his ideas, 
both in academic and military circles (Aspray 1990). In a report written together with 
Goldstine in Spring 1946 for the Applied Mathematics Panel of the NDRC (at the 
request of the director Warren Weaver), entitled On the principles of large scale com¬ 
puting machines, Goldstine and von Neumann wrote: 

During recent war years a very considerable impetus has been given 
to applied mathematics in general, and in particular to mathematical 
physics, particularly in certain important fields which have not been in the 
past in the focus of most theoreticians’ interest. Typical of these fields are 
various forms of continuum dynamics, classical electrodynamics through 
hydrodynamics to the theories of elasticity and plasticity. One might also 
mention various involved problems of statistics [...] Again, partly under 
the influence of wartime necessities, but partly also as natural outgrowth 
of normal industrial development which is turning increasingly towards 
automating scanning and control procedures, the methods of automatic 
perception, association, organization and direction have been greatly ad¬ 
vanced. These methods were in most cases of the high speed electrome¬ 
chanical, or of the extremely high speed electronic type. Modem radar, 
fire control and television techniques are good examples of this. These 
two streams of evolution have produced both an increased need for large 
scale, high speed, automating computing, and the means, or the potential 
means, to develop the devices to satisfy this need. (Goldstine, Neumann 
1946, 1) 
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The breadth of vision implicit in these words, together with the great reputation en¬ 
joyed by von Neumann, favoured the acceptance of these ideas by the scientific com¬ 
munity. At the same time, he took the necessary steps to organize the construction of 
an experimental electronic computer in which to apply his ideas. 148 This computer 
was to be designed in particular for scientific research applications, differing in this 
from the machines built for the purpose of military applications. Automatic calcu¬ 
lation was in its infancy, and was not considered as a scientific activity in the strict 
sense in academic circles. He therefore went to great lengths to convince his col¬ 
leagues of the scientific importance of the calculator and received offers from several 
universities. Wiener, for instance, proposed developing at MIT a research program 
concerning the engineering and science of control, in collaboration with Harvard. 
However, many of his mathematical colleagues intervened to have the project carried 
out at the IAS. In the end, the Institute, despite its tradition as an elite centre oriented 
towards theoretical research in mathematics and physics, decided to back the project, 
to build the laboratory, and to provide accommodation for the engineers and technical 
staff: in November 1945, the director of the IAS, Frank Aydelotte, gave his final ap¬ 
proval. Aydelotte, in order to convince his reluctant colleagues, compared the future 
electronic calculator to a large scale telescope. 

Preparations for the Electronic Computer Project (ECP) went on for many 
months. It was necessary to obtain substantial funding, construct the laboratory and 
set up a suitable scientific and technical group. Von Neumann succeeded in having 
the ECP turned into a joint venture, with participation of the IAS and Princeton Uni¬ 
versity, of a private company, the Radio Corporation of America (which collaborated 
in construction of the vacuum tubes), and also of the ONR (which provided support 
for the related mathematical and meteorological research) and other military services 
that funded the engineering aspects, the logic project and the programming. The sup¬ 
port of institutions with such different goals could have pushed the project in more 
practical directions. However, von Neumann succeeded in imposing the idea that the 
objective of the ECP was scientific research in the field of calculation and not just a 
routine activity. 

Von Neumann invited Goldstine to occupy the post of associate director: the 
latter joined the project in February 1946, after the official inauguration of ENIAC. 
Together with Goldstine and Arthur Burks, who had collaborated on the ENIAC and 
EDVAC projects, von Neumann began work on the calculator’s logical design: in 
June 1946 a report was prepared for the AOD - Preliminary discussion of the logical 
design of an electronical computing instrument - in which, by developing the ideas 
of the EDVAC report, an illustration was given of what is known as the “von Neu¬ 
mann architecture” of a computer, and which even today, regardless of technological 
progress, still represents the basis of computers. 149 Consideration was given to the 
conditions of an ideal rapid access memory unit and a description was subsequently 

148) On the development of von Neumann’s Electronic Computer Project see the thorough reconstruc¬ 
tion in Aspray 1990. 

149) Neumann (von). Burks, Goldstine 1946 (a second edition of the report dates to September 1947). 
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given of a differentiation among memory levels, which was dependent on the technol¬ 
ogy available at the time: a primary memory, implemented by means of the Selectron 
tube constructed by RCA, the components of which were organized according to a 
“parallel architecture”; and a secondary memory which organized the data to be trans¬ 
ferred to the main memory as required and that were recorded on film or magnetic 
tape. Subsequently, an examination was made of the functioning of the fundamen¬ 
tal arithmetic operations: the representation of the numbers inside the machine was 
binary, and a fixed point notation was used (floating point representation used today 
was introduced later). Several aspects were neglected and many ideas were examined 
in a non-definitive way, as it was necessary to await the study and implementation of 
many technical elements. 

The same month of June saw the arrival at the IAS of Bigelow, who had ac¬ 
cepted the post of chief project engineer, and who had a group of six electrical engi¬ 
neers and several technicians working under him. The work of organizing the labo¬ 
ratory extended into the first few months of 1947; then came implementation of the 
technical aspects, such as the memory components, the input and output units, etc. 
The three years envisaged for the construction became six: there was no time to carry 
out trials of the experimental machine and then to construct the definitive version, and 
so the prototype was perfected. Many specialists visited the ECP and several US and 
foreign institutions were authorized to construct copies, such as the JOHNIAC built 
by the RAND and the MANIAC built at Los Alamos Laboratory. 

At the end of 1950 work began on processing the first test problems and in 
the summer of 1951 the first significant real problem was processed, at the proposal 
of the Los Alamos group, and required a computing time of several hundred hours. 
Linally, on 10 June 1952, a reception was held to inaugurate the computer. The com¬ 
puter working time gradually increased with respect to the time required for overhaul 
and checks. The project continued until 1957, when the machine was donated to the 
Princeton University, which continued to use it for another three years. In the mean¬ 
time, technology had been developing rapidly: transistors had replaced the vacuum 
tubes, thus allowing a huge reduction in calculator size and an increase in computing 
power. Private companies such as IBM and UNIVAC began to conquer the civilian 
and military calculator building market. Von Neumann’s computer was already liter¬ 
ally a museum piece: several parts of the machine are now conserved at the National 
Museum of American Jiistory in Washington, D.C. 

As Aspray (1990, 235) remarks, von Neumann’s work marked the take off of 
computer science and technology in the United States in the first decade of the post¬ 
war period: 

[. ..] most senior members of the American scientific community who had 
an interest in computing, such as Vannevar Bush and Samuel Caldwell, 
were wedded to the analog technology. Von Neumann was unusual among 
the scientific elite for his knowledge of and dedication to digital com¬ 
puting technology. His international scientific stature gave credence to 
the computer as a technology worthy of scientific attention. His contacts 
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at high levels in the federal government, particularly within the military 
community, opened up channels of funding for computer purchase and 
development. He was in great demand as a lecturer and adviser to the 
scientific societies, industry, and federal government, and everywhere he 
went, he preached about the importance of the digital computer. 

In the 1960s and 1970s there was an acceleration in the development of computer 
science or, more precisely, of information science and technology broadly conceived 
as a set of highly effective and sophisticated concepts and techniques for the auto¬ 
matic processing of information. The computer ceased to be a tool exclusive to the 
military services or the great universities, and began to be massively used in industrial 
production (in symbiosis with automation technology) and in managing many civil 
systems (in symbiosis with communications technology). At a later stage, favoured 
by the gradual miniaturization of electronic components, the big systems gave way 
to the birth of microcomputing and the spread of information technology among an 
ever-expanding number of users of personal computers, all of them connected to the 
Internet. This was a development that, according to what von Neumann’s daughter 
Marina Whitman claims, her father would have found it hard to imagine: 

[...]/ don’t think he was a very accurate prophet regarding what turns the 
practical applications of his pioneering work would take. For example, he 
clearly expected that the computer would have its impact primarily on 
scientific research and military work. He was particularly interested in 
its role in advancing the accuracy of weather forecasting and, ultimately, 
climate modification. I don’t think progress in this area has been nearly as 
far or as fast as he hoped and expected. Similarly, I think he anticipated 
that the theory of games would have more impact [...] on poker, business, 
and war than it has turned out to have had so far, at least. 

On the other hand, if anyone had ever told him that the company I work 
for, General Motors, would produce and utilize literally m illions of com¬ 
puters every year (each of the roughly eight million vehicles we produce 
each year contains several, not to mention the ones in our plants and 
offices), I think he would have been startled. And the notion of adults 
fulminating against computers as corrupters of youth in the form of video 
games would have amused and perhaps secretly pleased the playful, child¬ 
like aspects of his personality . 150 


150) Glimm, Impagliazzo, Singer (eds.) 1990, 2-3. 
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5.5 The use of computer in scientific research 

The mathematical analysis of a scientific problem is a phase that is quite distinct from 
its numerical analysis. For example, if we take a problem of mathematical physics 
expressed by means of a differential equation, the mathematical analysis of the equa¬ 
tion consists in seeking to demonstrate the existence of solutions and their possible 
uniqueness; and then in the attempt to solve the equation, or to obtain an explicit 
expression of the solutions, which is rarely possible. In many cases all that can be 
done is to simply study the properties of the solutions and above all their “quali¬ 
tative” structure (i.e., their geometric behaviour). Numerical analysis, on the other 
hand, consists in computing the numerical values of the solutions corresponding to a 
specific numerical choice, not only of the equation coefficients, but also of the param¬ 
eters defining the initial physical state of the system. This second phase represents a 
natural development of the first if an explicit formula of the solution is known: by 
substituting the specific numerical values of the coefficients and of the parameters, 
the desired “numbers” are obtained. However, as it is practically never possible to 
obtain a formula that explicitly expresses the solution, quite frequently, mathematical 
analysis stops short of a demonstration of existence of a solution. 

In modem mathematics, prior to the development of automatic computing, the 
relation of dependence of numerical analysis on mathematical analysis led to the 
power of analytical methods being constantly extended - that is, tools for explicitly 
expressing solutions, perhaps using more complex functions than those of elementary 
analysis - so as to make numerical solutions possible. But even when it was not 
possible to obtain explicit solutions, mathematicians attempted to devise constructive 
numerical calculation procedures for specific cases, given by sequences and iteration 
of operations, the “recipe” for which goes by the name of algorithm. The construction 
of algorithms for the direct numerical solution of a mathematical problem has always 
been at the focus of mathematicians’ concerns, from Newton to Gauss and many 
others. 

An algorithm for the numerical solution of a differential equation can some¬ 
times allow it to be “solved” approximately (and, of course, for particular values), 
even when mathematical analysis is unable to proceed beyond the mere demonstra¬ 
tion of the existence of a solution. In this sense, numerical analysis, although linked to 
mathematical analysis, has several forms of autonomy. However, only in the twentieth 
century did it become a mathematical discipline in its own right, which is concerned 
with the description of general solution methods and their evaluation through the 
estimation of errors and of their propagation and through the study of stability and 
efficiency (with the introduction of ad hoc definitions and criteria). Starting in the 
1920s, a new phase began which quickly rendered obsolete the nineteenth century 
graphic methods of numerical solution, above all thanks to the research carried out in 
Germany in view of applications, including those of Carl Runge and Richard Courant, 
both professors at the University of Gottingen. 151 However, the development of the 

151) Runge, Konig 1924. Von Neumann's principal collaborator in this area was the author of a history 

of numerical analysis until 1900 (Goldstine 1977). 
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methods and power of numerical analysis received an extraordinary impetus after 
World War II and in connection with use of electronic calculators. 

Precisely the knowledge of the new ideas developed in Germany before the war 
must have helped von Neumann to understand the relevance of automating calculation 
in the development of numerical analysis and therefore, for the solution of hitherto 
inaccessible applications problems. In the above-mentioned 1946 work On the prin¬ 
ciples of large scale computing machines, Goldstine and von Neumann focused on 
problems that give rise to non-linear ordinary or partial differential equations. Until 
that time, they argued, physics and mathematical physics had concentrated almost 
exclusively on the study of linear equations (those in which only linear functions are 
involved). The authors emphasized the limit that this could set for the development 
of applications of mathematics, which almost always have to cope with non-linear 
problems: 

A brief survey of almost any of the really elegant or widely applicable 
work, and indeed of most of the successful work in both pure and applied 
mathematics suffices to show that it deals in the main with linear prob¬ 
lems. In pure mathematics we need only to look at the theories of partial 
differential equations and integral equations, while in applied mathemat¬ 
ics we may refer to acoustics, electrodynamics, and quantum mechanics. 

The advance of analysis is, at this moment, stagnant along the entire front 
of non-linear problems. That this phenomenon is not of a transient na¬ 
ture but that we are up against an important conceptual difficulty is clear 
from the fact that, although the main mathematical difficulties in fluid dy¬ 
namics have been known since the time of Riemann and of Reynolds, and 
although as brilliant a mathematical physicist as Rayleigh has spent the 
major part of this life’s effort in combating them, yet no decisive progress 
has been made against them - indeed hardly any progress which could be 
rated as important by the criteria that are applied in other, more success¬ 
ful (linear1) parts of mathematical physics. 

It is, nevertheless, equally clear that the difficulties of these subjects tend 
to obscure the great physical and mathematical regularities that do ex¬ 
ist} 5 ' 1 

They went on claiming that the development of computing due to the use of nu¬ 
merical analysis methods in high speed calculators would open up new horizons in 
mathematics, not only with reference to non-linear problems but also in the solution 
of large size numerical problems. During the early years of the development of the 
ECP, when the future electronic machine was still at the drawing board stage, Gold¬ 
stine and von Neumann carried out intense theoretical work intended to foster future 
use of the computer in scientific research. On the one hand, they developed a wide- 
ranging study of numerical analysis methods; on the other hand, they worked on the 


152) Neumann (von), Goldstine 1946, in JNCW, vol. 5, 2-3. 
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programming or “coding” techniques so that numerical problems could be processed 
using the computer. 

Between 1947 and 1948 Goldstine and von Neumann published a three-part 
report entitled Planning and coding problems for an electronic computing instru¬ 
ment which represented a continuation of the preceding report written together with 
Burks. 153 The authors emphasized the noticeable differences that existed between the 
mathematical formulation of a problem and its coding in the form of instructions that 
the computer is called upon to execute. The problem they faced was not one of simple 
translation but rather how to come up with a “control scheme for a highly dynamical 
process” 154 in which the orders do not follow in linear sequence but in an essentially 
dynamic fashion that allows forward and backward movements in the sequence of 
instructions or allows appropriate substitutions to be made in the sequences as a re¬ 
sult of given intermediate results obtained during the computing process. This idea 
took shape in a new logical tool, the “flow diagram”, which consists of a graphical 
representation of processes taking place inside the calculator, including closed cycles 
(“loops”) and recursive indexes. 

It should be noted that the terms used by the authors (control, dynamical pro¬ 
cess, flow) belonged to the technical-mathematical language that was in full swing 
in those years; as we have already pointed out, on the part of the electronics and 
communications engineers this language reflected a new conception of the technical 
configurations in global (or system) and dynamic (or process) terms. Flow diagrams 
and flow charts quickly became familiar conceptual tools in both engineering and 
coding/programming handbooks, as well as in the organizational analyses of factory 
flows in scientific management books. For programming -as before for the configura¬ 
tion of the computer - von Neumann strongly supported the trend towards an abstract 
approach, without consideration of specific context of application: 

Since coding is not a static process of translation, but rather the technique 
of providing a dynamic background to control the automatic evolution of a 
meaning, it has to be viewed as a logical problem and one that represents 
a new branch of formal logics . 155 

Furthermore, Planning and coding problems presented programming methods that 
were completely different from those used in preceding calculators, in which cod¬ 
ing was repeated ex novo each time a problem was programmed. The new approach 
consisted in storing “subroutines” of frequently used programs so that they could be 
incorporated in larger programs whenever necessary. As Aspray points out (1990, 
69), although Goldstine and von Neumann’s work consisted only of a preliminary 
report, it was widely circulated in the United States and Europe and represented a 
fundamental reference source for many years. 

153) Goldstine, Neumann (von) 1947-48. Together with the already mentioned Neumann (von), Burks, 
Goldstine 1946, they formed the report to AOD under contract W-36-034-ORD-7481. 

154) Ibid., in Aspray, Burks (eds.) 1987, 155. 

155) Ibid., in Aspray, Burks (eds.)1987, 154. 
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The use of high speed computing systems led to problems that were very differ¬ 
ent from those encountered not only, of course, in manual calculation, but also in the 
use of the first calculating machines: it was thus necessary to find a new orientation 
for numerical analysis in order to adapt it to the needs of programming an electronic 
computer. 156 In 1947, Goldstine and von Neumann published in the Bulletin of the 
American Mathematical Society an article devoted to the numerical inverting of ma¬ 
trices of high order: in the article an examination was made from the new angle of the 
Gaussian elimination method, which is one of the mainstays of numerical analysis. 
The second part of the article, in which the error was estimated using probabilistic 
methods, was published in 1951. 157 The authors identified several fundamental is¬ 
sues and offered a critical discussion of current research in this area of mathematics. 
In order to improve the efficiency of a numerical algorithm, it was necessary to take 
into account its numerical stability, that is, the property whereby the accumulation of 
the inevitable rounding off errors in a large number of operations (“noise”) is not am¬ 
plified, thus producing serious errors in the results; and it was necessary to take into 
account its complexity, that is, the duration and number of computations necessary, 
which might make calculation impracticable in the case of large-scale problems. 

In the years that followed, von Neumann worked on numerical problems in 
many different environments. The ENIAC calculator, which was inaugurated in 1946, 
set up in the Aberdeen Laboratory and then reconverted for use as a programmable 
machine, was used to handle many of these problems while the Princeton calcula¬ 
tor was being built. After the latter was inaugurated, the ECP team directed by von 
Neumann began systematically to develop the theoretical study of numerical meth¬ 
ods - for example, the Runge-Kutta method for the solution of ordinary differential 
equations was identified as the best possible in terms of efficiency and error control. 
At the same time, numerical analysis was performed on scientific problems submitted 
by researchers, in particular from Princeton, or by government laboratories, all appro¬ 
priately selected. The work of numerical analysis, programming, and the computing 
time were paid for by the users, but the Princeton team often managed to find funds 
to cover these costs in the case of individuals. This activity touched upon problems 
related to number theory, astrophysics, fluid dynamics, atomic and nuclear physics, 
and many other areas, thus allowing the theoretical knowledge of the methods of nu¬ 
merical analysis to be improved, in the spirit that had stimulated the project right from 
the outset. 

Von Neumann had emphasized that one of the main fields in which computer- 
assisted numerical analysis was called upon to provide important results was the 
numerical solution of partial derivative equations in fluid dynamics. This kind of 
problem was found in fields such as atomic energy, aeronautical engineering, oil 
prospecting and weather forecasting. Von Neumann and his collaborators and col¬ 
leagues at the IAS and Los Alamos devoted careful attention to these problems. Von 
Neumann’s contributions in this field include study of the numerical stability of fi- 

156) On von Neumann's contribution to the history of numerical analysis, see Aspray 1990, Chapter 5. 

157) Goldstine, Neumann ( von) 1947, 1951. 
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nite difference methods based on the pioneering research of Courant, Kurt Friedrichs 
and Hans Lewy, published in 1928; or the study of “shocks”, a phenomenon that is 
found in the study of the supersonic flow of a compressible fluid, which consists in 
a discontinuity of the density, temperature or of some other physical variable. In the 
following years this research was gradually extended to cases of increasing scientific 
importance as computers increased in power; nevertheless, it was the IAS computer 
that initiated this line of development, which helped to show the potential benefit of 
scientific computing to the scientific community. 

As illustrated above, ever since his arrival in the Los Alamos Laboratory during 
the war, von Neumann had been concerned with the application of computing ma¬ 
chines in research on the atomic bomb. The first calculation performed by ENIAC, 
after being tested, was a mathematical model that asked for the solution of a system of 
three partial differential equations. The first calculation performed by the IAS calcu¬ 
lator was again one commissioned by Los Alamos. As part of the research developed 
at Los Alamos, von Neumann, in collaboration with Ulam, developed a radically in¬ 
novative numerical method, compared with classical methods, based essentially on 
the discretization of the problems. This was the Monte Carlo method, which they had 
developed to provide a stochastic model of the problem of neutron diffusion. The 
behaviour of neutrons is described by certain integro-differential equations that are 
practically impossible to solve when millions of neutrons are involved that moreover 
seem to behave in a completely random fashion. Not only the theoretical resources but 
also the experimental techniques proved insufficient in the study of this phenomenon: 
Ulam’s idea, developed through a systematic collaboration with von Neumann, was 
to use random numbers that could be produced by the computer with a certain statis¬ 
tical distribution, in order to simulate the time evolution of the neutrons’ character¬ 
istics and behavior. The Monte Carlo method was later applied both to probabilistic 
type problems and to problems formulated in strictly deterministic terms in the fields 
of atomic physics, statistical mechanics or of materials resistance (in particular, in 
aeronautical applications). After this research, von Neumann took an interest in the 
question of the generation of random or “pseudo-random” numbers using calculators. 

Nevertheless, the most ambitious and fascinating project developed by von Neu¬ 
mann, and the one he considered to be truly symbolic of the meaning of application 
of computers to scientific research, was the meteorological studies developed in the 
ECP right from the outset. This research was based on sophisticated mathematical 
models and had as its final objective an understanding of geophysical dynamics and 
of the atmosphere, but it could achieve its objective only by providing numerical data 
and reliable forecasts. Without doubt, the very large number of variables involved 
and the high complexity of the problem seemed to indicate that only the use of a 
computer could allow the problem to be tackled with any chance of success. As As- 
pray has pointed out, 158 until World War II, weather forecasting was dominated by 
a subjective method based on interpretation by a meteorologist of available data and 

158) On the origins of modern weather forecast modelling and use of the computer see Aspray 1990, 

Chapter 6. 
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weather charts - by means of an extrapolation of the main pressure systems, drawing 
on personal experience and on a vast collection of maps of various meteorological 
profiles, as well as on certain theoretical knowledge of the physical phenomena in¬ 
volved. Thus, weather forecasting was considered more of an art than a science. And 
yet this did not stop governments from investing increasing amounts of money to 
fund meteorological studies, to train weather experts and to construct observatories 
and data recording centres. Indeed the two world wars demonstrated the importance 
of weather forecasts in military operations: suffice it to think of the effect weather 
forecasts had on decisions concerning the Allied landing in Normandy in 1944. 

In the late nineteenth century, investigations were undertaken that, although not 
having any great influence on specialists in the field, nevertheless aimed at mathema- 
tizing meteorology and turning it into an “exact science” based on a general theory 
of atmospheric phenomena. Several scientists had considered the possibility of ap¬ 
plying the laws of hydrodynamics to the atmosphere. Among others, they included 
Lord Kelvin, Lord Rayleigh, Hermann Helmholtz and his pupil, Heinrich Hertz. Nev¬ 
ertheless, the first attempt to provide a global description of atmospheric dynamics 
was the work of the Norwegian scientist Vilhelm Bjerknes, who in 1904 claimed that 
weather forecasting could be improved only by elaborating a description based on 
the laws of mechanics and physics, as had happened centuries earlier with astron¬ 
omy. However, mathematical analysis did not possess any methods for resolving the 
system of partial differential equations on which such a description was based, and 
the numerical methods were impracticable owing to the large number of calculations 
required. Bjerknes used graphical methods and differential geometry and later the 
British meteorologist Lewis Fry Richardson, further developing Bjerknes’ approach, 
applied finite difference approximation methods to meteorology equations 

In Richardson’s Weather prediction by numerical process (1922), a book which 
aroused considerable attention, the author explained the reasons for the considerable 
degree of error that could affect twenty-four hour weather forecasting. From a practi¬ 
cal point of view, the problem of effective weather forecasting remained open because 
of the large number of calculations required: Richardson had estimated that weather 
forecasting over the entire world would have required 64,000 human calculators. The 
new technical inventions applied to data determination, such as radiosondes, radar, 
rockets and, more generally, the development of communications, seemed to hold 
significant promise of increased accuracy. Progress in the automated processing of 
numerical data could allow further advantages: this idea was developed in the months 
following the end of World War II by the RCA engineer Vladimir K. Zworykin - 
the father of television - in connection with his work at the ECP. Conversations be¬ 
tween the latter, von Neumann, Francis W. Reichelderfer (director of the US national 
weather service), and Carl-Gustav Rossby (one of the most distinguished American 
meteorologists) led to the decision to include meteorological research in the ECP. 
Indeed von Neumann was not interested so much in producing weather forecasts as 
in the study of theoretical problems that could be implemented using the computer 
under construction and later applied to prediction and even to the modification of 
weather. For this purpose a meteorology group was set up in the ECP, funded by the 
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Navy and by the ONR, who was presented to the meteorologists’ community during 
a conference organized by von Neumann at Princeton in August 1946. 

The research group was coordinated by Jule Chamey, who joined it in 1948; 
Norman Phillips began collaborating in 1951. Setting out with the aim of improving 
Richardson’s results, the group developed two and three-dimensional models of the 
atmosphere (the barotropic model for the conventional 24 hour forecast and the baro- 
clinic model designed for storm weather forecasts), which were tested by application 
to various cases of weather forecasting. In 1953 the theoretical and numerical aspects 
of the general circulation in the atmosphere were addressed. At this stage, the civil¬ 
ian weather service and various military organizations began to take an interest in 
the practical application to weather forecasting of the models developed by the ECP. 
Von Neumann himself made efforts to stimulate this interest, promoting action by 
his team to develop operating forecasting procedures and the training of staff. Col¬ 
laboration among the various government meteorological services culminated in the 
establishment in 1954 of the Joint Numerical Weather Prediction Unit. Von Neumann 
also played an important role the following year in organization of the General Cir¬ 
culation Research Section, which was also funded by these services, for the purpose 
of developing the line of research begun at IAS. 

As Heims (1980, 152-153) has pointed out, von Neumann’s approach to the 
general problem of meteorology was a good indication of his mature scientific phi¬ 
losophy, especially compared with the approach proposed by Wiener to tackle the 
same problem. Von Neumann was deeply convinced of the validity and effective¬ 
ness of classical, strictly deterministic meteorology. In other words, he pursued an 
analytical description of the dynamics of the atmosphere that would provide valid 
forecasts by means of suitable approximations and numerical techniques assisted by 
electronic computer: it was a matter of improving information processing techniques 
in a struggle against time in order to obtain reliable 24 hour weather forecasts. In 
other words, it was a matter of coping with high complication, and not with intrin¬ 
sic complexity. Wiener, on the other hand, criticized this approach, emphasizing that 
the meteorologist’s information concerning the state of the atmosphere is necessar¬ 
ily incomplete, and he thus considered it to be more suitable to state the problem of 
forecasting in statistical terms. As we have seen in other circumstances and as we 
will see in the following section, von Neumann by no means attempted to duck the 
probabilistic-statistical implications, although he certainly subordinated them to the 
classical approach on which he had based his meteorological analysis project. 

In 1955, thinking of his future scientific work beyond his term of office at the 
AEC, von Neumann planned to take Charney and Phillips with him to the University 
of California, where he hoped to develop geophysical and meteorological research 
(both of them then joined MIT). In addition to this important scientific application 
of computing, and in view of the fact that technological development and spreading 
use of computers around the country had now become a commercial issue under the 
control of private enterprise, his attention was now turned towards the logical and 
theoretical aspects posed for a mathematician by the new “electronic brains”. 
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5.6 The brain-computer analogy 

A convergence of disciplines had taken place in the 1940s and 1950s around the idea 
of algorithm : logic, which was concerned with problems of theoretical computabil¬ 
ity; the brand new computer science; and numerical analysis and the various branches 
of applied mathematics. Subsequently, numerical analysis - following a trend analo¬ 
gous to that in other branches of mathematics - detached itself from the foundational 
problems arising out of this convergence of disciplines. 

The computer, as was becoming increasingly obvious, was not only a machine 
for performing numerical calculations much faster than before, but a device capable 
of automatically processing information in a much broader sense. Together with other 
technological devices - radar, the telephone and feedback control mechanisms - it 
would allow practically every kind of human activity to be automated. To this end 
it was however necessary to have a thorough knowledge of these inventions, of the 
interaction among them in systems and networks and of the control structures needed 
to ensure their automatic functioning. Computer science (the science concerned with 
the machines) was thus to evolve towards information science (the science concerned 
with an immaterial entity linked to the intelligence of man himself). Consequently, 
the relationship between logic and information science became even closer. Not only 
that: involved in this convergence of disciplines were also some sectors of the life 
sciences, such as neurophysiology and molecular biology, the developments in which 
were followed by many physicists and mathematicians with great attention. 

Von Neumann was indubitably one of the masterminds behind this symbiosis. 
He was in fact increasingly less involved in the technical aspects of computer design 
and the problems of numerical analysis and concentrated on the more specifically 
logical aspects: in this way he closed an ideal circle in his career as a scientist. In 
Chapters 1 and 2 we have described the first mathematical issue that attracted his 
intellectual curiosity, set theory, which lies on the boundary between logic and math¬ 
ematics, and his subsequent interest in mathematical logic issues within the frame¬ 
work of the Hilbertian formalist program. It was stressed how these studies left a 
deep impression on the way von Neumann tackled many different scientific problems 
in the course of his prolific career, an impression that is reflected in his complete 
acceptance of the axiomatic approach and in his concern always to seek a “logically 
adequate formulation” of the problems. 

These two aspects - the axiomatic approach and the identification of the under¬ 
lying “logic” of the problem - are inseparable in his conception: a very clear example 
of this comes from his quantum mechanics research. After finishing his work on the 
axiomatic formulation and mathematical foundation of quantum mechanics, he went 
on to study the underlying logic of this theory in an important article published in 
1936 together with Garrett Birkhoff: in the article they studied the logical implica¬ 
tions of quantum mechanics and set out to propose an extended, “probabilistic” logic 
that was to the new mechanics as classical propositional calculus was to classical 
mechanics (Birkhoff, Neumann (von) 1936). The new propositional calculus intro¬ 
duced here was equivalent to the calculus of linear subspaces in an abstract projective 
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geometry and made use of the lattice theory developed by Birkhoff. This “logically 
adequate formulation” thus represented for von Neumann a fundamental tool for ad¬ 
dressing the emergence of probabilistic and random aspects in twentieth century sci¬ 
ence. Moreover, as Miklos Redei has shown, von Neumann’s research of the best 
mathematical formalism for quantum mechanics was guided by his understanding of 
the “underlying logic” of any scientific problem: 

The attitude of the physics community towards von Neumann’s work has 
remained ambivalent: while von Neumann ’s work is appreciated as an 
outstanding intellectual achievement, in fact his work is looked upon by 
physicists as a luxury, as an example of striving for mathematical exact¬ 
ness for its own sake. On the other hand, the precise content of (and phys¬ 
ical motivation for) von Neumann’s admittedly rather mathematical re¬ 
sults seems to be not widely known. [...] The moral of this story of von 
Neumann’s intellectual move from the Hilbert space formalism towards 
type II (and even more general) algebras is that what drove him was not 
the desire to have a mathematically unobjectionable theory - there was 
nothing wrong with Hilbert space formalism as a mathematical theory. 

What von Neumann wanted was conceptual understanding. He was ready 
to leave behind any mathematical theory - however beautiful in itself - to 
achieve that. (Redei 1996) 

The idea of extending logic was subsequently applied by von Neumann in his studies 
on calculators and on artificial automata in general. It appears from the outset in his 
first discussion on the topic, dating back to the late 1940s: 

We have emphasized how the complication is limited in artificial auto¬ 
mata, that is, the complication which can be handled without extreme diffi¬ 
culties {and for which automata can still be expected to function reliably). 

Two reasons that put a limit on complication in this sense have already 
been given. They are the large size and the limited reliability of the compo¬ 
nentry that we must use, both of them due to the fact that we are employing 
materials which seem to be quite satisfactory in simpler applications, but 
marginal and inferior to the natural ones in this highly complex applica¬ 
tion, There is, however, a third important limiting factor, and we should 
now turn our attention to it. This factor is of an intellectual, and not a 
physical, character. 

The limitation which is due to the lack of a logical theory of automata. 

We are very far from possessing a theory of automata which deserves that 
name, that is, a true mathematical-logical theory. There exists today a 
very elaborate system of formed logic, and, specifically, of logic as ap¬ 
plied to mathematics. This is a discipline with many good sides, but also 
with certain serious weaknesses. This is not the occasion to enlarge upon 
the good sides, which I have certainly no intention to belittle. About the 
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inadequacies, however, this may be said: Everybody who has worked in 
formal logic will confirm that it is one of the technically most refractory 
parts of mathematics. The reason for this is that it deals with rigid, all- 
or-none concepts, and has very little contact with the continuous concept 
of real or of the complex number, that is, with mathematical analysis. Yet 
analysis is the most successful and best-elaborated part of mathematics. 

Thus formal logic is, by the nature of its approach, cut off from the best 
cultivated portions of mathematics, and forced onto the most difficult part 
of the mathematical terrain, into combinatorics. (Neumann (von) 1951, 
in JNCW, vol. 5, 302-303) 

There were two fundamental aspects in the foundation of a theory of artificial au¬ 
tomata in von Neumann’s opinion. In the first place, the fact that a key criterion of 
formal logic, that is, whether a result may be obtained or not in a finite number of 
elementary steps, had to give way to consideration of the actual length of the chain 
of reasoning or - with reference to the construction of an automaton - of the chain of 
operations. In the second place, it was necessary to introduce aspects of uncertainty 
or of probability, so that logical operations - or their equivalents in the actions of 
automata - would be treated using processes that allowed exceptions (dysfunctions 
or errors) with non-zero probability. The key for extending logic might be found, 
claimed von Neumann, in thermodynamics, primarily in the form it was received 
from Boltzmann, and is that part of theoretical physics which comes nearest in some 
of its aspects to manipulating and measuring information. Its techniques are indeed 
much more analytical than combinatorial [...]» (Ibidem, 304). 

In the study of automata, the definition of the concept of information by means 
of its statistical mechanical properties was thus called upon to play the important 
role assigned to it by Claude Shannon in the mathematical theory of communication: 
essentially, also in the case of automata, we are dealing with a problem of commu¬ 
nication and information transmission subject to a certain “noise” that could alter it. 
Shannon had formulated an abstract definition of the elements of a communication 
system (channel, source, emitter, destination, receiver) and had introduced the theo¬ 
retical idea of information as a measure of the degree of freedom of the emitter when 
it selects a message - distinguishing it from the customary concept of “quantity” 
of meaning contained in a message. Shannon’s ideas, published in 1948 in the “Bell 
System Technical Journal” and presented in systematic form the following year in the 
already mentioned, renowned book The mathematical theory of communication, were 
widely circulated and led to a vast range of scientific and technical developments in 
the second half of the twentieth century. 

From the formal point of view, a mathematical formula expressing the informa¬ 
tion content of a system coincides with the definition of entropy of a physical system 
in statistical mechanics. It was von Neumann who pointed out to Shannon that the 
connection between entropy and “lack of information” or negative information of a 
system had been introduced by Ludwig Boltzmann in 1894: 159 entropy was related to 
the number of alternatives available to a physical system after all the macroscopically 
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observable information had been recorded. Leo Szilard had studied this connection 
in order to resolve the famous physical paradox of Maxwell’s “demon”, an intelligent 
being capable of defying the second law of thermodynamics: the paradox was re¬ 
solved by taking account of the fact that the loss of entropy in a system corresponded 
to an increase in information; in this way, entropy could be considered as the expres¬ 
sion of the quantity of uncertainty or randomness of a system (Szilard 1929). Von 
Neumann himself subsequently applied Szilard’s results to the problem of informa¬ 
tion in the context of quantum mechanics. 

The passage from von Neumann quoted at the beginning of this section is part 
of a lecture held in September 1948 at Pasadena in the course of the Hixon Sympo¬ 
sium on cerebral mechanisms in behaviour, entitled “The logic of analogue nets and 
automata” and published in 1951 in the Symposium proceedings (Neumann (von) 
1951). This was the first article published by von Neumann on the theory of automata 
even though his thinking on this subject had begun in the course of his work on elec¬ 
tronic computers. Indeed the ideas he presented at Pasadena had already been largely 
illustrated in June 1946 at Princeton during an informal seminar. We have already 
seen how, right from his first expositions of the logical project of a modern computer, 
he had made use of a comparison with the brain. His project, as he described it at 
Princeton and Pasadena, was precisely that of using this comparison as the basis of 
the construction of a general, logical theory that would encompass both the brain and 
the computer, although taking into account - as he said in the passage quoted above 
- the inferiority of artificial materials compared with natural ones “in this highly 
complex application”. It was a matter of developing a theory capable of describing 
the organization and dynamics of perceptive and cognitive processes; a theory em¬ 
bracing the whole range of actual processes involved in the treatment of information 
both in live beings and in electronic computers and automatic devices. Therefore, by 
means of an extension of formal logic, a theory of automata should include also error, 
propositions known only with a given probability, and similar phenomena not dealt 
with in classical formal logic. 

The background against which the theory of automata developed was actually 
that of intensive contacts with scientists from the biomedical environment, above all, 
neurophysiologists. We have mentioned that the functioning of the human brain had 
been the subject of an exchange of letters between von Neumann and his friend and 
colleague Ortvay, a professor at the Pazmany Peter University of Budapest in the 
years 1939-1941. 160 Ortvay was interested in the consequences that quantum theory 
could have in this environment and von Neumann wanted to examine more closely the 
role of the observer in quantum mechanics insofar as it was a “quasi-physiological” 

159) From Aspray’s reconstruction (1990, 174 ff.), it convincingly emerges that the interaction with 
Shannon played an important role in the latter’s ideas, even though he points out (312, note 7) 
that he was unable to get Shannon to provide evidence in this sense. Shannon’s scanty knowledge 
of the historical precedents provides evidence of the cultural breakdown represented by the Bell 
Laboratory research. 

160) See Aspray 1990, 178 ff. A group of selected letters from von Neumann to Ortvay translated into 
English can be found in Redei (ed.) 2005. 
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concept. In their correspondence, Ortvay set out a large number of ideas on the brain 
and, in particular, a conception of it as a “switching system” comprising a network, 
the nodes of which are the cells through which the impulses are transmitted; he also 
referred explicitly to the differences and similarities with electronic computing sys¬ 
tems and with other technical units such as automatic telephone centres and radio 
installations. Ortvay and von Neumann agreed on the need to identify a theoretical 
nucleus that would allow several simple basic properties to be identified inside the 
overall complexity of the problem. Ortvay held that only with a mathematician’s or 
physicist’s mind - and not with that of the physician or physiologist - would it be 
possible to attain the aim of axiomatizing complex organized systems. 

We have already seen how similar ideas aroused great enthusiasm in Wiener in 
the 1940s. Towards the end of 1944, with the war in full swing, Wiener, with Howard 
Aiken and von Neumann, organized a select meeting dedicated to the topic of infor¬ 
mation processing, inviting a small number of specialists in communication engineer¬ 
ing, computers and neurophysiology. Many of these experts were working on secret 
military projects and for this reason no public invitations were made. In the meeting, 
which was held in January 1945, von Neumann gave an exposition on computing ma¬ 
chines, Wiener one on communication engineering, McCulloch and the Spanish born 
neurophysiologist Rafael Lorente de No on the organization of the brain. The inten¬ 
tion of the organizers was to plan the creation of a new branch of learning equipped 
with suitable working tools, such as a scientific society and a journal, and to find the 
funds required for research. 

The only initiative that finally saw the light of day, thanks to the support of the 
Josiah Macy Jr. Foundation, was the organization of a series of conferences in New 
York on “Circular Causal and Feedback Mechanisms in Biological and Social Sys¬ 
tems”. The first of these conferences was held in March 1946 and was chaired by 
McCulloch: it was practically a repetition of the meeting held in January 1945, but 
was also attended by a group of representatives of the human sciences, including the 
anthropologists Gregory Bateson and Margaret Mead, the sociologists Lawrence K. 
Frank and Paul Lazarsfeld, the psychologists Molly Harrower and Heinrich Kliiver, 
and representatives of other branches of learning (such as George Evelyn Hutchin¬ 
son, a well-known specialist in ecology), who communicated their views on the con¬ 
sequences of the new ideas in their own disciplines. In the years that followed, and 
until 1953, ten such meetings were held, always in the initial interdisciplinary spirit: 
von Neumann attended them and his addresses always had an extraordinarily pre¬ 
eminent influence (Aspray 1990, Heims 1991). Nevertheless, with all his interests 
and many concerns, his commitment to this project was not particularly intense: the 
truly charismatic figure was without doubt Wiener, who christened the project with 
the name of cybernetics (from the Greek kybemetes, “helmsman”) and in 1948 pub¬ 
lished the famous book that became the manifesto of the group: Cybernetics: Control 
and communication in the animal and the machine. In it Wiener set out the math¬ 
ematical and philosophical foundations of active intentional behaviour (in which a 
“piloting” or control process occurs): in this study a crucial role is played by the idea 
of feedback. Here are some comments by von Neumann concerning Wiener’s ideas: 
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The book’s leading theme is the role of feedback mechanisms in purposive 
and control functions. [.. .] Several students of the subject will feel that 
the importance of this particular phase of automat-organization has been 
over-emphasized by the author. [...] The reviewer is inclined to take ex¬ 
ception to the mathematical discussion of certain form of randomness in 
the third chapter of the book. [...] The technically well-equipped reader 
is advised to consult at this point some additional literature, primarily 
L. Szilard’s work. [...] There is reason to believe that the general de¬ 
generation laws, which hold when entropy is used as a measure of the 
hierarchic position of energy, have valid analogs when entropy is used as 
a measure of information. On this basis one may suspect the existence of 
connections between thermodynamics and the new extensions of logics. 
(Neumann (von) 1949a, 33-34) 

In a letter to Wiener written three years before, von Neumann expressed his scepti¬ 
cism toward a neurophysiological approach to the study of the brain. His observations 
are particularly interesting: 

What seems worth emphasizing to me is, however, that after the great pos¬ 
itive contribution of Turing-cum-Pitts-and-McCulloch is assimilated, the 
situation is rather worse than before. Indeed these authors have demon¬ 
strated in absolute and hopeless generality, that anything and everything 
Brouwerian can be done by an appropriate mechanism, and specifically 
by a neural mechanism - and that even one, definite mechanism can be 
“universal ”. Inverting the argument: Nothing that we may know or learn 
about the functioning of the organism can give, without “microscopic”, 
cytological work any clues regarding the further details of the neural 
mechanism. [...]/ think you will feel with me the type of frustration that I 
am trying to express. [. ..] 

To understand the brain with neurological methods seems to me about 
as hopeful as to want to understand the ENIAC with no instrument at 
one’s disposal that is smaller than about 2 feet across its critical organs, 
with no methods of intervention more delicate than playing with a fire 
hose (although one might fill it with kerosene or nitroglycerine instead of 
water ) or dropping cobblestones into the circuit. [. ..] And our intellectual 
possibilities relatively to it are about as good as some bodies vis-a-vis the 
ENIAC, if he has never heard of any part of arithmetics. 

To be more par terre: Consider, in any field of technology, the state of af¬ 
fairs which is characterized by the development of highly complex “stan¬ 
dard components”, which are at the same time individualized, well suited 
to mass production, and (in spite of their “standard” character) well 
suited to purposive differentiation. This is clearly a late, highly developed 
style, and not the ideal one for a first approach of an outsider to the sub¬ 
ject, for an effort toward understanding. For the purpose of understanding 
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the subject, it is much better to study an earlier phase of its evolution, pre¬ 
ceding the development of this high standardization-with-dijferentiation, 
i.e., to study a phase in which these “elegant” components do not yet 
appear. This is especially true, if there is no reason to suspect already in 
that archaic stage mechanisms {or organisms ) which exhibit the most spe¬ 
cific traits of the simplest representatives of the above mentioned “late” 
staged 1 

Von Neumann also took an interest in the studies directed by the biophysicist Max 
Delbriick on the bacteriophage. In the same letter to Wiener in November 1946 he 
claimed that he considered this study of a simple organism - although complex 
enough to present the typical behaviour of information treatment that lay at the fo¬ 
cus of the theoretical interest - more promising from the point of view of a possible 
mathematical study than the extremely complex study of the human nervous system. 
Moreover he also described the exciting prospects facing experimental studies carried 
out using electron microscopes and X-ray analysis. In this connection, it should be 
pointed out that in 1947 he presented to the ONR a project to set up a protein study 
group composed of engineers, physical chemists and crystallographers. The idea of 
the project was rejected and von Neumann stopped pursuing these ideas. The biog¬ 
rapher may perhaps be legitimately asked how von Neumann could have included a 
project of this kind in a professional life that was already so full and complicated: in 
any case this was not an exception, as quite a few of his physicist colleagues displayed 
a growing interest in biology - often with the spirit of Ortvay’s view - including Szi¬ 
lard, Gamow and Schrodinger, author of the famous book What is life? (1944). 

It should be noted that Delbruck’s project gathered together a group of re¬ 
searchers that was later to succeed in discovering the structure of DNA, thus giv¬ 
ing rise to molecular biology. It should also be recalled that, as shown by Lily Kay, 
between the late 1940s and the early 1950s, that is, just before the discovery of the 
double helix structure of DNA in 1953, the notion of the “organism and molecules 
as information storage and retrieval systems, and heredity as information transfer” 162 
spread to many sectors of the life sciences and accompanied the growth of molecular 
biology around the notion of interaction between DNA and proteins in terms of “ge¬ 
netic code”. In this connection Kay recalls the influence of the ideas of Wiener, von 
Neumann and Shannon. However, Heims has emphasized the differences between 
the approach of Wiener and the supporters of the cybernetic view and the approach of 
Delbriick and the pioneers of molecular biology. 163 The former were actually seek¬ 
ing an interdisciplinary approach involving common points displayed by phenomena 
in different spheres (human, biological, artificial), while the latter followed an ul¬ 
trareductionist programme, namely one involving a search for the physical bases of 
inheritance through the study of cellular metabolism, itself reduced to analysis of 

161) Neumann (von) to Wiener, November 29, 1946, JNLC, published in Redei (ed.) 2005, 278-280. 

162) Kay 2000a, 464. See also Kay 2000b. 

163) Heims 1991, 94 ff. 
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the molecular mechanisms of living matter. Thus, Delbruck was suspicious of cy¬ 
bernetics, while von Neumann deemed it essential to involve him in the discussions. 
This made it easier to understand von Neumann’s autonomous thinking within the 
cybernetics group: his outlook was focused on the development of an abstract theory 
of automata, which was considered promising also by geneticists. In this period he 
also kept up a correspondence with Alfred J. Lotka concerning the latter’s work on 
population dynamics, as well as with the German physical chemist Karl Friedrich 
Bonhoeffer (with whom he was put in touch by Delbruck), concerning his studies on 
excitation and on the conduction of stimuli by means of a physical analogy. 

In December 1949, in five lectures at the University of Illinois, von Neumann 
gave a second public presentation of his ideas on the theory and organization of com¬ 
plicated automata, this time before an audience of mathematicians and engineers. He 
also appears to have repeated this cycle of lectures for the staff of the Bell Telephone 
Laboratories. 164 He began with a comparative description of the structure and com¬ 
plexity of the computer and of the human nervous system, considered as the main ex¬ 
amples of the abstract concept of “automaton”. Leaving aside the “material” aspects 
of the components of both systems (the object of the study of physiology, in the case 
of the human brain, and of engineering science, in the case of computers), he moved 
on to an analysis of the organization of these components and of their interaction and 
group functioning, which was indeed the object of the theory of automata. The for¬ 
mal neuronal networks of McCulloch and Pitts represented the axiomatic model on 
which the theory rested. On these bases, von Neumann began to study the reliability, 
the complexity, and the self-reproduction of automata. 

The question of complexity - or “complication”, as von Neumann called it - of 
automata was approached by using the concept of the Turing machine, an abstract 
machine, capable of printing or deleting Os and Is on a tape of infinite length and 
thus of simulating any process that could be described by means of a finite number of 
logical operations. This concept was generalized by von Neumann in order to obtain 
a description of an abstract system of machines or automata capable of constructing 
other identical machines (“self-reproduction”), as well as of producing a more com¬ 
plex automaton than the original one. He later perfected this model, making use of the 
analogy with biological evolution, in which the complexity of the species increases, 
and including such aspects as increased efficiency in adapting to the environment and 
mutation. 

After the Illinois lectures, he began writing a book that was to be published by 
the University of Illinois Press. However, his numerous commitments considerably 
slowed down completion of the final version; the text remained incomplete and was 
published almost ten years after his death. In 1966, his collaborator, Arthur Burks, 
edited the book Theory of self-reproducing automata including the Illinois lectures, 
together with another incomplete original work entitled “The theory of automata: 
Construction, reproduction, homogeneity”, dealing with the so-called “cellular au¬ 
tomata” and dating back to the years 1952-1953 (Neumann (von) 1966). 


164) Aspray 1990. 320, note 90. 
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The first model of self-reproduction in automata presented several drawbacks, 
as they consisted of machines made up of a limited number of components situated 
in space, as it were, in a geometric environment: the system described was capable of 
subsuming these components and working with them. Von Neumann later abandoned 
this model, which was too closely linked to physico-geometrical considerations, and 
began to develop a more abstract model, partly at Ulam’s instigation (Aspray 1990, 
202). He was aware of the difficulties involved in following a criterion of formal sim¬ 
plicity in tackling a complex problem and, at the same time, in trying to remain close 
to real examples in order to avoid formulating a simply commonplace model. His 
second model, the cellular automaton, consisted of a two-dimensional array of square 
cells. Each cell allowed a finite number of states (29 in von Neumann’s model), and 
the state of a cell at any given instant depended on the state of the neighbouring cells 
in the preceding instant: in this way it was possible to obtain certain cell groups that 
formed a system analogous to a living entity, capable of moving and of reproducing 
itself in the sense of being able to determine that another group of cells had entered a 
similar state. 

The problem of the reliability of automata underlay a probabilistic theory of au¬ 
tomata based on statistical information theory. This topic was developed in a series of 
lectures given by von Neumann at CalTech in January 1952 under the title of “Prob¬ 
abilistic logics and the synthesis of reliable organisms from unreliable components”, 
published in 1956 by Shannon and John McCarthy in a collective book of studies on 
automata (Neumann (von) 1956). The underlying idea was to overcome the problems 
caused in the computer and in other automatic devices by the defective function of 
components that, being physical in nature, were subject to breakdown and to error. 
Already in his 1948 lecture at Pasadena, von Neumann had pointed out that also in 
living organisms dysfunctions may occur in various parts, and he compared the er¬ 
ror control procedures in natural systems with those in artificial systems (Neumann 
(von) 1951). Natural systems do not need external intervention, because the organism 
is capable of diagnosing the error and minimizing its effects, and then of definitively 
blocking any defective components or, if possible, of repairing them in time. Con¬ 
versely, artificial machines are designed in such a way that every error is amplified 
and can thus be identified more rapidly and allow the immediate repair or replacement 
of the defective component. «Our behavior is clearly that of overcaution, generated 
by ignorance», he wrote (Neumann (von) 1951, in JNCW, vol. 5, 306). The brain of 
animals and man is a complex and reliable system, the elements of which - neurons 
and their connections - are extremely fragile and unreliable: the brain continues to 
function even when parts of it are damaged. The problem presented was similar to the 
important problem in communication theory mentioned above, namely, coding for the 
transmission of information that is highly reliable, even when the transmission of sig¬ 
nals and individual symbols is unreliable and subject to noise. Von Neumann actually 
devised procedures similar to those customarily found in communication theory. 

Perhaps the best-known work by von Neumann in this field is his famous book, 
also published posthumously and in incomplete form, The computer and the brain 
(Neumann (von) 1958). In the introduction, he wrote that it consisted of «an ap- 
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proach toward an understanding of the nervous system from the mathematician’s 
point of view». Essentially, this text summarizes the approach followed in the pre¬ 
ceding works, although the logical and general theory of automata is situated in the 
background of the exposition and the emphasis is placed on the comparison between 
computer and brain. The first part is dedicated to a description of the fundamen¬ 
tal principles of the computer and the second to a detailed exposition of the human 
nervous system as an information processing system. The comparison between the 
two systems took into account a large number of aspects, such as speed, energy con¬ 
sumption, size, and efficiency. This text, although only a draft, which von Neumann 
frantically wrote during the last few months of his life, reflects the brilliant clarity of 
his mind and represents a model of scientific literature. Furthermore, the theory of 
automata, and this book in particular, can be considered an intellectual testament left 
by von Neumann, the contribution which has had the strongest echo in the world of 
science and culture. The central idea contained in this text, which aroused surprise 
and produced so many favourable and unfavourable reactions, was reflected in rough 
and ready sensationalistic formulae such as the title of the article published by John 
Kemeny in the Scientific American magazine in 1955: “Man viewed as a Machine”. 

A general logical theory of automata in the meaning in which von Neumann 
conceived of it was not developed any further. His contribution as well as those of the 
cybernetic group were seminal works which formed the cultural background of 1950s 
and 1960s research in systems engineering and systems theory, regarding complex 
systems, decision processes, and the man-machine analogy. For example, in 1965 
Fotfi A. Zadeh, a researcher from the University of California at Berkeley Electronics 
Research Faboratory published in the journal “Information and Control” his paper on 
fuzzy sets (Zadeh 1965) “as a natural way of dealing with problems in which the 
source of imprecision is the absence of sharply defined criteria of class membership 
rather than the presence of random variables (Ibidem, 339): this idea calls forth von 
Neumann’s remarks on the limitation of classical logics and its “rigid, all-or-none 
concepts”. 165 

Moreover, The computer and the brain is still read today by biomedical re¬ 
searchers, and its influence has radically changed the attitude towards the kind of 
comparison between life and artificial creations proposed in it. McCulloch and Pitts 
had run into serious difficulty in their attempt to publish their article, which had 
aroused such great interest in von Neumann: it was Nicholas Rashevsky who finally 
decided to publish it in his Bulletin of Mathematical Biophysics. Today, however, 
this type of approach enjoys much credence in the field of the cognitive sciences. 
Von Neumann’s ideas essentially represent the direct precursors of “artificial intelli¬ 
gence”, which is well known also to the general public. Nevertheless, contemporary 
“brain mechanics” often venture on to the dangerous ground of comparison or even 

165) The influence of von Neumann on scientists and engineers working behind the “iron curtain" (the 
“enemy" in the Cold War) is difficult to assess. See for example Slava Gerovitch’s work on cyber¬ 
netics in the USSR (Gerovitch 2002), Anne Fitzpatrick et al. on the early years of development of 
the computer in the USSR (Fitzpatrick et al. 2006), and Alfred Zauberman’s work on mathematical 
economics in the socialist countries (Zauberman 1969, 1975, 1976). 
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of identification between man and the machine; and it is interesting to recall the seri¬ 
ous obstacles that stand in the way of such analogies and identification and of which, 
as Shannon (1958, 127-128) pointed out, von Neumann was perfectly well aware. 
And it was actually Shannon who remarked on the interesting comparison between 
the language of mathematics and the language of the brain with which von Neumann 
concludes The computer and the brain : 

Pursuing this subject further gets us necessarily into questions of lan¬ 
guage. As pointed out , the nervous system is based on two types of commu¬ 
nication: those which do not involve arithmetical formalisms, and those 
which do, i.e., communications of orders (logical ones ) and communica¬ 
tions of numbers (arithmetical ones). The former may be described as 
language proper, the latter as mathematics. 

[...] Just as languages like Greek or Sanskrit are historical facts and not 
absolute logical necessities, it is only reasonable to assume that logics 
and mathematics are similarly historical, accidental forms of expression. 

They may have essential variants, i.e., they may exist in other forms than 
the ones to which we are accustomed. Indeed, the nature of the central 
nervous system and of the message system that it transmits indicate posi¬ 
tively that this is so. We have now accumulated sufficient evidence to see 
that whatever language the central nervous system is using, it is charac¬ 
terized by less logical and arithmetical depth than we are normally used 
to. The following is an obvious example of this: the retina of the human 
eye performs a considerable reorganization of the visual image as per¬ 
ceived by the eye. Now this reorganization is effected on the retina, or 
to be more precise, at the point of entry of the optic nerve by means of 
three successive synapses only, i.e., in terms of three consecutive logical 
steps. The statistical character of the message system used in the arith¬ 
metics of the central nervous system and its low precision also indicate 
that the degeneration of precision, described earlier, cannot proceed very 
far in the message systems involved. Consequently, there exist here differ¬ 
ent logical structures from the ones we are ordinarily used to in logics and 
mathematics. They are, as pointed out before, characterized by less log¬ 
ical and arithmetical depth than we are used to under otherwise similar 
circumstances. Thus logics and mathematics in the central nervous sys¬ 
tem, when viewed as languages, must structurally be essentially different 
from those languages to which our common experience refers. (Neumann 
(von)1958,81) 

Turing had observed that the process of “imitation” between computing machines 
could be based on the following procedure: a first computing machine transmits com¬ 
mands to a second one, translating them into an order sequence by means of a code 
(“short code”) in such a way as to get it to work as it pleases. In this way, the first 
machine may appear to resemble the second one, even though it actually works with 
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a different language. Von Neumann had pointed out that if the brain is thought of 
as a computing machine, it may be imagined that the external language it uses in 
communication is different from the internal language used for calculation. In other 
words, mathematics may be a secondary language, the short code built on the pri¬ 
mary language actually used by the central nervous system: thus, the external forms 
of our mathematics would not be relevant from the point of view of evaluating what 
the mathematical or logical language truly used by the central nervous system is. 

In this way, although von Neumann reiterated his pan-logical and pan-mathe¬ 
matical world view he did not go beyond a prudent formal analogy between brain 
and computer, quite distant from any ontological claim as to what language the brain 
“really” uses. 

In the closing years of his life, driven by a great intellectual curiosity, von 
Neumann ventured on to ground that had hitherto remained practically unexplored. 
There is no doubt that he was getting ready to follow an innovative and breakaway 
path, as when he introduced game theory in economics, and with his customary self- 
confidence. One year after his death, in the commemorative issue of the Bulletin of 
the American Mathematical Society, Kuhn and Tucker wrote: 

Von Neumann’s interest in “problems of organized complexity”, so impor¬ 
tant in the social sciences, went hand in hand with his pioneering devel¬ 
opment of large-scale high-speed computers. There is a great challenge 
for other mathematicians to follow his lead in grappling with complex 
systems in many area of the sciences where mathematics has not yet pen¬ 
etrated deeply. (Kuhn, Tucker 1958, 120) 

The scientific community, following the path opened up by von Neumann, was ven¬ 
turing on to the ground of “complexity” - a topic on which rivers of ink had flowed 
by the end of the twentieth century. 



Concluding Remarks: 
von Neumann and Twentieth 
Century Science 


The twentieth century witnessed extraordinary changes in the structure and functions 
of science. The collapse of the ancient consolidated certainties was accompanied by 
an impressive flourishing of science and by the invasion of practically every branch 
of thought and human activity by scientific thinking and practice. 

The “loss of certainty”, sometimes traumatic ally, marked the early decades of 
the century. The emergence of Einstein’s theory of relativity marked a crisis in the 
Newtonian conception of space, time and motion, while quantum theory challenged 
one of the strongholds of reductionism, that is, the representation of phenomena as 
“continuous” processes. Infinitesimal calculus was the mathematical tool par excel¬ 
lence used in this representation, and so also its centrality was swept away. But an¬ 
other hard blow was struck against classical science when quantum mechanics chal¬ 
lenged its very essence - objectivism. The impossibility of eliminating the observer’s 
role in the description of microscopic phenomena was a mortal blow to the principle 
of objectivity, which was precisely what made scientific thinking something different 
and “superior” (inasmuch as it was more “certain”) than other forms of thinking. In 
the field of mathematics, the most serious wound was that of the crisis of the valid¬ 
ity of foundations and then the failure of the Hilbertian formalist programme, which 
seemed to confirm the harsh necessity for mathematicians to coexist with the impos¬ 
sibility of proving the internal consistency of their discipline. 

Einstein and Hilbert were the emblematic figures of the difficult early decades 
of the century. They may be considered more than others as “responsible” (or at 
least as the most characteristic representatives) of a process that shook classical sci¬ 
ence to its very foundations: Einstein introduced a new view of the relationship be¬ 
tween physics and mathematics (which founded the basic premises of a modelling ap¬ 
proach), Hilbert an abstract and axiomatic view of mathematics. Nevertheless, both of 
them were at the same time hostile to the idea that science should renounce the sacred 
principles of objectivity, truth and unity. Both the unified theory of gravitation and the 
formalist programme towards a self-consistent refoundation of mathematics were ex- 
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pressions of firm determination - after the storm had passed - to restore to science 
new, consistent and unified foundations, to define the tenets of a new reductionism. In 
other words, Einstein and Hilbert (like many other scientists of the time) rejected the 
prospect of a science that was inexorably broken up into a thousand rivulets of inco¬ 
herent knowledge that could not be related back to a well-defined nucleus of princi¬ 
ples; and that it was necessary to renounce the idea that physics offers a “true” image 
of reality and that mathematics offers results which are “certain” on the plane of logic. 

And yet, despite this crisis at the epistemological level, the scientific concep¬ 
tion of the world gradually invaded all sectors of knowledge, in particular the hu¬ 
man and social sciences. Technology also underwent a transformation into a form 
of theoretical knowledge imbued with scientific concepts and procedures and leav¬ 
ing increasingly less room for traditional ideas and methods: from techne and art, a 
definitive transition was made to technology. It is sufficient to compare nineteenth 
century electrical or chemical engineering with the theoretical, mathematical elec¬ 
tronic engineering of the early twentieth century. But also medicine, military strategy 
or management lost what previously characterized them as arts that could not be re¬ 
duced to the scientific method; or at least, they were bent to conform to the scientific 
image, almost universally considered as a guarantee of the rationality of praxis. 

This paradoxical triumph of a fragile science was not without its consequences 
to the direction of twentieth century scientific research. Also science was transformed 
by its embrace with technology and the “sciences of the artificial” - to use the term 
coined by Herbert Simon in 1967. Reference is made to the hybrid born as a result 
using the word “technoscience”. Technoscience increasingly adopted as its criterion 
of development, not “truth” - which had been found to be an unattainable ambition - 
but rather “effectiveness” and “utility”, that is, the criteria typical of technical knowl¬ 
edge. The basic motive was less and less that of “explaining” but more and more that 
of “describing” and “controlling” phenomena; the question asked was more and more 
rarely “is it true?” and more and more frequently “does it work?”’ or “is it useful?” 
Mathematics was no longer viewed as “the” language in which nature was written and 
became a set of useful and effective representations of phenomena lacking all charac¬ 
teristics of unity, that is - in a word - a set of “models”. On top of it all, this proved to 
be a winning point of view: it opened up vast horizons for the development of tech¬ 
nology, and also mathematics benefited, thanks to the growth of applied mathematics. 

However, it would be erroneous to believe that the majority of scientists had 
abandoned the more or less explicitly cultivated idea that science is “different” from 
other forms of human activity, insofar as it pursues objective and certain knowledge, 
or at least knowledge that is more objective and more certain than other forms of 
knowledge. A strong tension thus sprang up between this ancient and consolidated 
need and the new trends described above: this tension was to spread throughout the 
whole of twentieth century science and continues to be unresolved. 

Einstein and Hilbert, although the principal initiators of the new process, were 
still men of the nineteenth century judging by their unconditional attachment to the 
primacy of the ideal of truth and unity of science. Von Neumann is a different case: 
he was not only an initiator of the new process, but one of its main actors, as far as 
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its extreme consequences. And yet also von Neumann was linked (no less than his 
teachers) to ideals of scientific reductionism, although he practised with determina¬ 
tion a science capable of spreading in a pragmatically effective way to all branches of 
human activity. This is why the tension mentioned above is even more evident and il¬ 
luminating as far as his figure is concerned. Von Neumann’s efforts to embrace every 
aspect of science, technology and praxis in a unitary view represents an extraordinary 
intellectual challenge that expresses - regardless of its successes and failures - all 
the benefits and risks of the new phase that opened up during the twentieth century, 
which broke the links with the view of Galileo and Newton. 

The extremes of the span of von Neumann’s scientific life are already an effec¬ 
tive representation of that tension and of the tremendous effort he made to resolve 
it. He began his career by investigating the abstract problems related to the founda¬ 
tions of mathematics and he concluded it on extremely concrete themes, ranging from 
problems regarding weapons and military strategy, to electronic calculators, mathe¬ 
matical programming and project management. And yet we have seen that also in 
these “utilitarian” applications - in which a modelling approach was used that was 
extremely distant from the classical mathematical descriptions of reality - he was 
guided by the historically remote problems with which he began his scientific career. 

During the years of the diaspora of the Vienna Circle, he transferred the central 
ideas of this philosophical-scientific project from a devastated Europe to the United 
States: the primacy of a scientific conception of the world, the role of logical analysis, 
methodological materialism, the ideal of the unity of science. And this was not all. He 
was able to give these philosophical premises a concrete content thanks to the con¬ 
viction he had developed after the crisis of the old Hilbertian formalist program, now 
defeated and obsolete - namely, the central role of the axiomatic approach. In other 
words, thanks to the cornerstone of von Neumann’s work in order to exorcise the 
“monsters” haunting science, in particular set theory and quantum mechanics. Fur¬ 
thermore, it was the axiomatic approach that would later lead to further significant 
successes being obtained and to his fame as a universal scientist being consolidated, 
from game theory to computer architecture. Again, the theory of automata, his last 
great theoretical project, had as its leitmotiv the same attempt to reduce several out¬ 
standing postwar developments - from control engineering to neurophysiology, from 
molecular genetics to computer science - to a logical-axiomatic formulation of sev¬ 
eral general principles and problems. 

The panmathematical and axiomatic approach was the ground on which von 
Neumann endeavoured, in a supreme intellectual effort that consistently runs through 
all his work and activities, to reconstruct a unity among the thousand separate trickles 
into which scientific research was being reduced. It would have been an illusion to 
try to relate these trickles back to a single flow of classical science, based on the 
unitary cement of a few universal laws - something that he was well aware of. Thus, 
the unifying element was identified by him as a methodical conceptual approach: 
axiomatic, abstract and logico-mathematical. 

The distance between von Neumann’s reductionism (and it must be called re¬ 
ductionism) and classical reductionism is easily measured by the way he viewed the 
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brain-computer analogy in his theory of automata. He is rightly considered one of the 
founding fathers of modem information science and of the “artificial intelligence” 
program based on the brain-computer analogy. And yet, although this analogy is con¬ 
sidered (as is frequently the case nowadays) as an attempt to provide a “scientific” 
demonstration that the human brain is a computer, this can hardly be blamed on von 
Neumann. What he did was to construct an axiomatic model of a complex of prop¬ 
erties related to the functioning of the nervous system which formed a basis for the 
imitation of the human brain - or, to be more precise, of certain of its aspects - and 
to build the computers. Conversely, the abstract logical computer schema became a 
mathematical logical model suitable for representing a series of aspects related to 
the functioning of the human brain. Nothing more: this model could not be used 
to demonstrate the metaphysical assumption that the human brain is really a com¬ 
puter. Indeed, von Neumann himself clearly underlined the break with the classical 
paradigm and with all ontological wishful thinking when he pointed out that science 
“does not try to explain” “it hardly even tries to interpret”, above all “it makes mod¬ 
els”. Current interpretations of the brain-computer analogy viewed as a demonstra¬ 
tion that the brain is a computer thus merely prove that the ambitions of metaphysical 
claims are much stronger than a certain prepackaged positivism would have us be¬ 
lieve. 

Even though von Neumann was convinced of the need to give up all attempts 
to use metaphysical principles as a unifying basis, he never renounced the idea of the 
unity of science. His neo-reductionist proposal was to choose axiomatic language and 
formal logic as the common ground for unification. His approach left aside all value 
judgments and pointed the way towards a coherent solution to the problem of the rela¬ 
tionship between scientific analysis and real phenomena, between theory and empir¬ 
ical verification, without taking any metaphysical or empiricistic shortcuts disguised 
under false scientific pretences. Even though his pan-mathematical and pan-logical 
conception of the world and his latent penchant for a deterministic view revealed the 
persistent influence of the metaphysical ambitions mentioned above. 

The figure of von Neumann illuminates two other aspects of twentieth century 
science, that is the relationship between science and technology and the problems 
raised by the use of science in the industrial world, in military activities and - in a 
broad sense - at the service of “power”. We have described von Neumann’s leading 
role in the new forms of interrelationship between science, technology, society and 
politics. 

In this connection, it is quite wrong and unproductive to view this interrelation¬ 
ship in an abstract and metahistorical way, without referring to the historical trajec¬ 
tory of the twentieth century and the lives of the people who lived through it. In our 
view, this approach has hindered the understanding of the figure of von Neumann, 
distorting and diminishing his image, and reducing it practically to the caricature of a 
scientist subservient to all the needs of power, even the least noble. Indeed, the case of 
von Neumann has been used to support the thesis of a twentieth century science com¬ 
pletely ‘at the service’ of technologies of use to power and war. As a consequence, 
in this view, not only science was perverted from its “original” goals, but power also 
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conditioned the scientific conception of the phenomena: thus, the key conceptions of 
twentieth century technoscience, such as information, control and network, derive di¬ 
rectly from the wartime context. We consider however that we have illustrated on the 
contrary how these ideas, which were a byproduct of technical thought, have entered 
scientific thought precisely through a mingling of science and technology to which a 
strong impulse was given on several occasions by wartime needs - or should we say 
defense needs - of modern societies, on the basis of the leitmotiv that science must 
play an essential role in human progress. 

Our aim in approaching such a rich and complex figure - on whose work the 
historiographical scrutiny is still far from complete - was indeed to make contact with 
the historical upheavals of the past century. Like other European scientists, von Neu¬ 
mann witnessed the end of the political and cultural supremacy of the Old Continent 
caused by the dreadful events of the two world wars, the advent of nazism in Ger¬ 
many and the communist revolution in Russia. Then, more than the others, he played 
a leading role in the rise of the United States to its new status of political and cultural 
world leader that it has retained down to our times, so unchallenged as to have led to 
the revival of the word “empire”. This rise took place in specific historical circum¬ 
stances, those of the Cold War. Starting in the late 1960s and 1970s, the protest and 
counter-culture movements in the United States and its political allies gave rise to a 
harsh criticism of the western capitalist world that challenged and demonized techno¬ 
science on the basis of ideological theories and its social role. Little importance was 
attached at the time to the fact that the choices proposed by von Neumann have al¬ 
ways been implemented on the basis of consolidated and convinced personal ideas, 
therefore not unlike those of other scientists who influenced communist countries or 
those of scientists living in capitalistic, democratic countries and supporting opposite 
views to von Neumann’s. 

An historical and non-abstract perspective instead leads us to acknowledge in 
the United States during the Cold War - and before this, in the Great Britain of the 
resistance to nazism - a revival of ideas regarding the social role of science which 
had emerged for the first time in late seventeenth century France. Also at that time, 
during the final phase of the monarchy and above all during the revolutionary and 
Napoleonic period, scientists were recruited by the State and many subscribed to this 
appeal, viewing their choice as being dictated by the intention of introducing criteria 
of scientific rationality into productive and industrial decision-making, into the con¬ 
duct of public life and into wartime affairs. In recent years, a rich historiography on 
the specific results has grown up (the reorganization of public finances, the “rational” 
conduct of factories, the creation of modern technical education) as well as on the 
accompanying philosophical outlook. Indeed, the Enlightenment assertion of science 
as a guarantee and almost as the exclusive equivalent of rationality grew by leaps and 
bounds in the 1940s and 1950s - all over the world, in the USA as in the USSR. These 
were the leaps and bounds of modernity, with its potential benefits and risks. 

We pointed out in the Introduction that von Neumann represents the revival of 
the old Enlightenment ambition of setting science in a central position in society’s 
decision-making process. Clearly his guiding principle was the rational determina- 
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tion of the conditions of lesser damage in very difficult conditions, also under the 
influence of a disenchanted view of human affairs held by a man who had witnessed 
an interminable sequence of tragedies and, in order to escape which, had renounced 
more than one homeland. Therefore, it is this ambition which must be examined in the 
light of the society it aims to construct, the society for which wars are actually fought, 
both yesterday and today. The key questions are: what are the limits of the role to be 
assigned to the scientific elite in a democratic society? Or else: can technoscience 
set its own limits of development and what interaction takes place between scientific 
projects, technical design, ethics, religious convictions? And again, can a monopoly 
on rationality be assigned to mathematics and technoscience, also as far as the gover¬ 
nance of the economy and political life is concerned? On all these questions von Neu¬ 
mann’s life and work provide elements of reflection, even where realities that were 
still unimaginable in his lifetime - such as the development of biotechnologies - are 
at stake. The figure of John von Neumann represents better than any other all the as¬ 
pects of twentieth century science: its strengths and its weaknesses, the triumphs that 
have changed our everyday lives and the enormous unsolved problems still facing it. 



Chronology 


1903 Janos Lajos Neumann is born in Budapest 

(he was later to use a German version of the name, Johann Ludwig von Neu¬ 
mann and finally an English version, John L. von Neumann: the “von” indi¬ 
cates a noble title acquired by his father in 1917). 

1911 Begins his studies at the Lutheran Gymnasium of Budapest. 

1919 First departure from Hungary, with his family, during the months of Bela 
Kun’s Hungarian Soviet Republic. 

1921 Enrolls at the University of Budapest and begins his studies in Berlin. 

1922 Publication, in collaboration with his private tutor M. Fekete, of his first arti¬ 
cle on mathematics in the mathematical journal Jahresbericht der Deutschen 
Mathematiker Vereinigung. 

1923 Begins chemical engineering course at the Zurich Polytechnic. 

1925 Obtains engineering diploma ( Diplomingenieur). 

Ph.D. in mathematics at the University of Budapest, on the axiomatization 
of set theory. 

1926 Rockefeller Foundation fellowship for advanced studies at Gottingen. 
Collaboration with Hilbert and Nordheim in research on the axiomatic foun¬ 
dation of quantum mechanics. 

1927 Privatdozent in Berlin. 

1928 Publication of first paper on the theory of games. 

1929 Privatdozent at Hamburg. 

1930 Married Marietta Kovesi. 

First stay at the Princeton University as visiting lecturer in mathematical 
physics during the Spring term. 

1932 Publication of his first book Mathematische Grundlagen der Quantenmecha- 
nik. 

1933 Appointed professor at the Institute for Advanced Study at Princeton. 

1935 Birth of daughter Marina. 

1937 Divorce from Marietta Kovesi. 

Obtains US citizenship. 
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Begins collaboration with Army Ordnance Department Ballistic Research 
Laboratory, located at Aberdeen (Maryland). 

Holds the American Mathematical Society XXth Colloquium Lectures on 
“Continuous Geometry”. 

1938 Mamed Klara Dan. 

Awarded Bocher Prize of the American Mathematical Society. 

1941 Nominated advisor of the Navy Bureau of Ordnance, Washington, D.C. 

1943 Begins collaboration with the Los Alamos Scientific Laboratory (New Mex¬ 
ico), which was to last until 1955. 

Trip to the UK for war-related scientific activities. 

1944 Publication of the book Theory of games and economic behavior, in collab¬ 
oration with O. Morgenstern. 

Holds the American Mathematical Society “Gibbs Lectures” on “The er- 
godic theorem and statistical mechanics”. 

1947 Medal for Merit awarded by the President of the United States and Distin¬ 
guished Civilian Service Award of the US Navy. 

1948 Advisor of the RAND Corporation. 

1950 Publication of the two-volume book Functional operators. 

1951 Appointed president of the American Mathematical Society, a post held until 
1953. 

Appointed member of the Air Force Scientific Advisory Board. 

Begins his activity of industrial consultancy under contract with IBM and 
other private corporations 

1952 Appointed member of the Atomic Energy Commission General Advisory 
Committee 

Advisor of the Central Intelligence Agency. 

1953 Appointed member of the National Security Agency Advisory Board. 
Appointed member of the Air Force Strategic Missiles Evaluation Commit¬ 
tee, renamed in 1954 ICBM Scientific Advisory Committee (chaired by von 
Neumann) 

1955 Appointed member of the Atomic Energy Commission. 

1956 Atomic Energy Commission Enrico Fermi Science Award 
Medal of Freedom awarded by the President of the United States 
Died in Washington, D.C. 

Posthumous publication of the Yale University Silliman Lectures under the 
title The computer and the brain. 
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